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Preface

This study developed a comprehensive expedient methods

field manual by combining published and unpublished

expedient methods to supplement AFM 88-34, Field Engineering

Handbooks Expedient Methods. The published expedient methods

were found after an extensive literature review. A survey

of Civil Engineering personnel was used to find unpublished "

expedient methods. The final product provides a valuable

guide for Civil Engineers for home station training and

during actual contingencies.

In gathering the expedient methods and designing the

supplement to AFM 88-34, I received a great deal of help

from some very special people. I am deeply indebted to my

thesis advisor, Capt Jeffrey S. Thomas, for his wisdom and

guidance throughout this research effort. I would also like

to thank Maj Charles E. Beck for his valuable assistance in

editing this study. Finally, I extend my deepest gratitude

to my wife Corinne for her patience and understanding during

the many nights that I was consumed with work and confined

to my desk.
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* Abstract

This investigation uncovers expedient methods for use

by Air Force Civil Engineers during contingencies or

contingency training. A literature review of magazine

articles, course handouts, pamphlets, regulations, and

manuals was conducted to find published expedient methods.

Unpublished expedient methods were found by surveying Civil

Engineering officers, enlisted personnel and civilians

stationed in the CONUS. A total of 70 expedient methods were

uncovered to supplement .AFM 88-34, Field Engineering

Handbook: Expedient Methods, to form a comprehensive

expedient methods field manual.
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A COMPREHENSIVE EXPEDIENT METHODS FIELD MANUAL

I. Introduction

Overvi ew

This thesis identifies expedient methods which

supplement AFM 88-34, Field Engineering Handbook: Expedient

Methods. The result is a comprehensive expedient methods

field manual for use during contingencies. A literature

review is used to uncover published expedient methods that

are not included in AFM 88-34, while a survey of all Air

Force bases in the continental United States (CONUS) is used L

to discover unpublished methods. The published and

unpublished expedient methods are then combined to

supplement AFM 88-34 to form a more comprehensive field

manual.

This chapter discusses the need for a comprehensive

expedient methods field manual. This discussion begins with

a general background of the Civil Engineering mission during

contingencies, and is followed by an examination of the

specific areas of work expected of Civil Engineers to

complete their mission. The research problem relating to

accomplishing these specific areas of work during

contingencies is then discussed. This chapter also includes

the research objectives, assumptions, and the scope and

limitations of this thesis.

,- ,:..::1



Issue

The Department of Defense Directive 1315.6,

"Responsibilities for Military Troop Construction Support of

the Air Force Overseas," identifies the mission of Civil

Engineering in a contingency environment (15:6). This

directive identifies the following tasks that Civil

Engineers can expect to perform during war tl5:6]:

a. emergency repair of war damage to air bases,
b. force beddown of Air Force units and weapons

systems, .
c. operations and maintenance of Air Force

facilities and installations,
d. crash rescue and fire suppression, and
e. construction management of emergency repairs

of war damage and force beddown.

Although Defense Directive 1315.6 identifies the Civil

Engineering mission during wartime contingencies, other

contingencies exist in addition to war. Military exercises

and natural disasters also constitute contingencies. During

contingencies, Air Force Civil Engineering forces must use

expedient methods (i.e., quick and temporary forms of

construction, maintenance, and repair) to keep base

facilities operational. Such methods cover the 16 areas of

work expected of Civil Engineers during contingencies E413:

1. Building systems
2. Non-airfield pavements
3. Airfield pavements
4. Aircraft arresting systems
5. Airfield Lighting systems
6. Electrical power production
7. Overhead and underground electrical

distribution systems
8. Interior wiring systems for buildings
9. Water wells
10. Potable water distribution systems

2



11. Sanitary distribution systems
12. Sewage treatment plants
13. Plumbing
14. Liquid fuel systems
15. Heating systems
14. Refrigeration and air-conditioning systems

Problem Statement

The last extended contingency in which Civil

Engineering forces used expedient methods to perform their

mission was the Vietnam conflict nearly a decade ago.

Because of this time span, the majority of today's Civil I,

Engineering members have never operated in a wartime

contingency. Their knowledge in expedient methods can only

come from actual peacetime contingencies or expedient

methods training.

Since peacetime contingencies are not very coqmon,

expedient methods experience must come from home station

training. Chapter 3 in AFR 93-3 identifies the need for

home station training. This regulation states that every

Base Civil Engineer, Air National Guard and United States

Air Force Reserve Civil Engineering Unit Commander must

ensure that home station training is "designed and executed

to achieve a high state of readiness [8:151." This same

regulation also identifies expedient methods as one of the

home station training requirements (8:16). The specific

words are as follows:

A great deal of simulation will be necessary
in this [expedient methods] type of annual
training. Realistic training scenarios should be
developed to best derive the learning experience .- -

desired [8:163.

... - -- . -. . . . . . . . .



The need for home station expedient methods training is

also emphasized at the Contingency Engineering Course at the

Air Force Institute of Technology, School of Civil

Engineering at Wright-Patterson AFB, Ohio. A draft Prime

BEEF Managers Handbook served as a course handout during the

February 1982 class. The handout provides the following

gui dance:

The most likely time to encounter the need of
expedient repair methods is during the bomb damage
repair (BDR) phase of a base recovery operation.
Therefore, training should concentrate heavily on
the types and peculiarities of the facilities and
utility systems found in friendly foreign
countries. The prime concern is to get bases
operational as safely and expeditiously as
possible. A great deal of simulation will be
necessary in this type [of3 training. Realistic
training scenarios should be developed to best
drive the learning experience desired C12:233.

Although realistic scenarios are recommended for

expedient methods training, a 1982 Functional Management

Inspection team found many Air Force installations lacking

in "hands-on" training for expedient methods (13:4). The

inspection team identified this training as critical for

"supporting Civil Engineering contingency readiness to meet

worldwide combat support roles E13:13." Furthermore, it is

the author's opinion, based on five years of experience

within the Civil Engineering (CE) organization at base

level, that only senior CE officers and noncommissioned

officers who served in Vietnam, and CE personnel who have

peacetime contingency experience have any practical

knowledge of expedient methods. Few of these procedures are

4
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published in existing pamphlets, manuals, training guides,

and handbooks. Therefore, very little of this practical

knowledge of expedient methods is available to the

inexperienced CE personnel. As the experienced senior CE

members retire from active duty, much of their valuable -

expedient methods knowledge is lost.

Finally, AFm 88-34 contains only some of the known

expedient methods that are useful to Civil Engineers during

contingencies. Numerous other expedient methods have been

tried and reported since APH 88-34 was published in 1967.

The other published expedient methods are scattered among
gp..

numerous Air Force and Army pamphlets, manuals, training

guides, and handbooks. Therefore, no single field manual

exists that includes all the expedient methods for each of

the 16 areas of work required by Civil Engineers during

contingencies.

Statement of Purpose/Objectives

The purpose of this thesis is to provide expedient

methods in-formation for Civil Engineers deployed to

contingency environments. This purpose is accomplished by

fulfilling three objectives:

1. Identification of published expedient methods not

included in AFM 88-34 that would be useful to Civil

Engineers for completing the 16 areas of work expected of

them during contingencies.

2. Collection of additional expedient methods for these

5 - .
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I.

18 areas of work from Civil Engineers who have had past

contingency experience but have never had their expedient

methods procedures published.

3. Design of a supplement to AFM 88-34 that combines

the published and unpublished expedient methods and provides

a comprehensive expedient methods field manual for rapid use

in contingency environments.

Assumptions

This thesis assumes Civil Engineers will be deployed to

the worst possible location, namely a bare base in a hostile

environment. The following factors will be applicable in

this "worst-case" scenario:

1. The base will have few supporting facilities,

utilities, and equipment that can be utilized by the

deployed forces.

2. Some of the deployed equipment, utilities, and/or

facilities will become useless due to normal wear-and-tear,

or by hostile enemy action.

3. Replacements for the damaged equipment, utilities,

and facilities will not always be readily available.

4. The deployed Civil Engineers with prior contingency

experience will be very busy with their own work and will

not always be available to give guidance to the less

experienced personnel.

Even though this thesis assumes Civil Engineers are

deployed to a bare base, less severe deployments are also

6
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possible. Both the worst-case and these less severe

deployments would require expedient construction,

maintenance, and repair procedures to keep the equipment,

utilities, and facilities operational. However, the

assumption of a worst-case scenario identifies expedient

methods that would not otherwise be identified.

Scope and Limitations

Since Civil Engineers can be deployed worldwide (9:5),

this thesis examines expedient methods for widely

contrasting environments. The environments considered

include desert, arctic, and jungle regions. These regions

present the most hostile weather conditions for the deployed

Civil Engineering forces and their equipment.

No classified information is used in this thesis. The

basic sources include military regulations ahd manuals,

training guides, private authors, guest lecturers, and

personal interviews.

Organization of This Report

This report is organized to meet the academic

requirements of a Master's thesis. However, it is also

designed to provide the practical requirements of an

expedient methods field manual.

The usual thesis documentation is included in this

report. Chapter 2 is the literature review that uncovers

published expedient methods not included in AFM 88-34.

Chapter 3 gives the methodology for completing the

7



literature review and the survey that uncovers unpublished

expedient methods. Chapter 3 also explains how the

published and unpublished expedient methods are combined to

form the supplement to AFM 88-34. Chapter 4 summarizes the

results of the literature review and survey. It also _

provides recommendations based on these results. Appendix A

is an exhibit of the survey package and Appendix B is the

actual supplement to AFM 88-34. Appendix B can be removed

from this report, added to AFM 88-34, and used during

deployments as a guide for completing required expedient

methods.

I4
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II. General Background to Expedient Methods

Chapter Overview

This chapter provides information about the role of -"

Civil Engineering during contingencies. Readers familiar

with AFM 88-34 or expedient methods should skip this

chapter. The discussion begins with definitions, a brief

history of Civil Engineering mobilization, and an

explanation of the importance of expedient methods for

deployed Civil Engineers. The final portion of the chapter

provides a literature review of expedient methods. This -

review introduces the primary areas to be included in the

supplement to AFM 88-34. The actual supplement, found in

Appendix B, presents each of these areas in a form similar

to that found in AFM 88-34.

Definitions

The following alphabetical list of terms provides a

reference for material presented in this chapter:

Bare base. A base having a runway, taxiway,
parking areas adequate for the deployed force, and
possessing an adequate source of water that can be
made potable C40:29]. -

Contingency. An uncertain future event
sufficiently within the realm of possibility to
warrant advance planning. Includes potential
military operations, civilian or military -
emergencies, natural disaster relief E40:293.

Deploy. To relocate a unit, or an element of
it, to an area of operations or to a staging .

area. Deployment begins when the first aircraft, "
personnel, or items of equipment leave the home
base. The force is deployed after the last -

9
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component of the unit has departed [40:293.

Expedient methods. The field construction,
repair, and maintenance techniques used during
contingencies. It is work performed in an
innovative manner (often without the proper tools, %
materials, equipment, replacement parts, or
personnel), yet sufficient to provide, restore,
and maintain critical facilities, utilities, and
equipment in an operational state without creating
serious safety hazards (8:16).

Force beddown. The immediate beddon of
mission forces and the operation of critical
facilities and utilities. The force can be bedded
in various types of facilities that make up
Harvest Eagle and Harvest Bare sets, or they can
be bedded by renovation/converting existing
facilities on standby bases or colocated operating
bases E2:16].

Harvest Bare. Nickname given to a bare base
system. Harvest Bare is a concept in mobility
which offers deployment of all supporting
buildings to a bare or fixed base. These
buildings are of light modular design and may
serve as contminers for those items used in the
building when set up. Harvest Bare consists of
shelters, utilities, and base maintenance
equipment and support subsystems. Harvest Bare
assets are designed to support 4500 personnel in
various increments and are designated as War
Reserve Materials (WRM) and maintained in a ready
status [8:292.

Harvest Eagle. A nickname given to a selected
package of essential items of equipment and
supplies required to support forces/personnel
under bare base conditions. It is an air
transportable housekeeping package designed to

support activities deployed to remote areas where
it is not feasible to pro-position assets.
Harvest Eagle sets are designed to support 1100
personnel, and are designated as War Reserve
Materials (WRM) and maintained in a ready to
deploy status [8:293.

Prime Base Engineer Emergency Force (BEEF).

An Air Force, major command, and base level
program that organizes the civil engineering force
for worldwide direct and indirect combat support
roles. It identifies and postures both civilian
and military authorizations and skills for the
dual role of performing peacetime real property

10".
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maintenance and wartime engineering requirements.
The Prime BEEF program includes all military civil
engineering personnel at all levels of command
C8:5].

The Concept of Expedient Methods

During contingencies, Prime BEEF teams are tasked with

force beddown, emergency repairs, and operations and .

maintenance functions (15:6). These functions are all

accomplished by using expedient methods, quick and temporary

forms of construction, maintenance, and repair. A

Expedient methods of construction are used during base

build-up. Harvest Bare and Harvest Eagle sets "provide all

the support facilities, utilities, and equipment required to S

turn a runway into an operable airfield r39:283." Expedient

maintenance is the work that keeps facilities, utilities,

and equipment operational often without the proper tools, •

materials, replacement parts, and personnel (8:16).

"Expedient repair methods provide for minimum essential

restoration of a facility or system to useful operation in 5

the least time, with the least effort and often without the

benefit of the best material or equipment... The prime

objective is to make operational repairs as safely and 0

expeditiously as possible [B:16]."

One method of performing expedient repairs involves the

cannibalization of other equipment. "Cannibalization - the

removal of serviceable items from one item of equipment for

use on another - is an issue closely related to forward

support... Cannibalization may be used when parts are not
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available from the supply system and an item of equipment

can be repaired using parts from other unserviceable

equipment C38:4]."

Many other examples of expedient methods have been used

in past deployments. As support requirements change, the

deployment kits are modernized. New forms of expedient

methods must then be developed to install and service the

new equipment, facilities, and utilities included in the

modernized deployment kits.

Therefore, to perform their mission effectively, CE

personnel must be familiar with both past and current.-

expedient methods of accomplishing construction,

maintenance, and repair. This work may also have to be done

under the most hostile conditions. Shortages of food and

water, inadequate tools and equipment, inclement weather,

and enemy action must be dealt with so the overall mission

can continue.

The Evolution of Civil Engineering Mobilization

Since the development of modern air warfare, Civil

Engineers have used expedient methods to make air base

facilities, utilities, and equipment operational. During

World War I, advancing ground forces were required to

establish forward operating bases; air units also advanced

to provide air support for these advancing ground troops.

These forward air units could either build required base

facilities or operate in the open (46:24).
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During the 1950s, techniques were developed to

prepackage needed equipment for shipment to forward bases.

This initial deployment kit was nicknamed Grey Eagle. It

included tents, field kitchens, medical facilities, power

generators, administrative supplies, and various equipment.

All items of the Grey Eagle kit were installed, repaired,

and maintained with expedient methods. Unfortunately, this

early kit was heavy, bulky, and required many hours to erect -

(46:24).

By the late 1960s, deployment kits were designed to be

light, modular, and C-130 transportable. Some shelters were .

their own containers. The new concept was to provide

everything to support a deployed force in any environment.

Hardware included equipment to support weapons systems plus

transportation, housing, mess, aircraft maintenance,

airfield lighting, electrical power, water, sewage, heating,

cooling, medical, and civil engineering facilities (46:24). 1
Today's concept of deployment has remained basically

unchanged since the late 1960s. The idea is to "rapidly

deploy a force, complete with shelters and support

facilities, capable of independently supporting and -

launching sustained combat operations with the same -

independence as fixed theater installations. The assumption

is that tactical forces will continue to have a bare base

requirement to conduct sustained air operations on a

worldwide basis in support of national policy [46:253."

Harvest Eagle and Harvest Bare kits provide the .
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equipment necessary to establish an operating bare base for,

respectively, short term and long term deployments.

Expedient methods are used not only to erect the equipment,

facilities, and utilities provided in these kits, but to

keep them operational. As these deployment kits are

modernized, new expedient methods must be developed to

erect, repair, and maintain them.

Engineering Needs

Civil Engineers must be familiar with various expedient

methods to operate effectively in hostile environments. The

purpose of this chapter is to uncover expedient methods that

were used in past deployments and can be used to guide

expedient methods in future contingencies.

The expedient methods to be examined cover the 16 areas

of work required by Civil Engineers during contingencies.

The work requiring expedient construction, maintenance, and

repair have been divided into three major categories: (1)

facilities, (2) pavement surfaces and support systems, and

(3) utility systems. Facilities includes shelters,

field-fortifications, and facility hardening. Pavement

surfaces and support systems includes non-airfield

pavements, airfield pavements, aircraft arresting systems,

and airfield lighting systems. Utility systems includes

electrical power production, overhead and underground

electrical distribution systems, interior wiring systems for

buildings, water wells, potable water distribution systems,

14
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sanitary distribution systems, sewage treatment plants,

plumbing, liquid fuel systems, heating systems, and

refrigeration/air-conditioning systems.

Since many of these work areas are provided by the

Harvest Bare and Harvest Eagle deployment kits, these kits

are discussed in detail. However, many useful and perhaps

critical items are not included in either deployment kit.

Expedient methods that provide and service these

"nonstandard" deployment items are also examined.

Facilities

General. Shelters protect airmen, equipment, and

supplies from enemy assault and the weather. "The best

shelter is usually the one that will provide the most

protection with the least amount of effort E20:3.13. ".

Therefore, existing facilities should be fully used. Also,

natural shelters such as caves, mines, or tunnels should be

used before artificial shelters are constructed (20:3.1).

Constructing shelters consumes valuable time that can be

used elsewhere in making a base operational.

There are basically three classifications of shelters.

Surface shelters, the first type, are built above ground

elevation. The surface shelter requires "the least amount

of labor to construct, but it is hard to conceal and

requires a large amount of cover and revetting material

C20:3.13." Most shelters in contingency environments are

surface shelters due to their expediency of construction.
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The second type, underground shelters, are labor and time

intensive to construct but "provide good protection against

radiation because the surrounding earth and overhead cover

are effective shields against nuclear radiation t1B:3.1]."

Cut-and-cover shelters, the third type, are dug partly into

the ground and are covered with a thick layer of rock, logs,

sod, and excavated backfill. The cut-and-cover shelters are

also time consuming to construct but "provide excellent

protection from weather and enemy action E20:3.13."

During contingencies, facilities should be constructed

as soon as possible. Therefore, surface shelters are

usually built first. The other classes of shelters are

built if there is sufficient time. Because the surface

shelters offer little protection against enemy action, they

must be hardened. Proper siting of surface shelters reduces

the need for immediate hardening. "Wherever possible,

shelters should be sited on reverse slopes, in woods, or in

some form of natural defilade such as ravines, valleys, and

other hollows or depressions in the terrain... All shelters

must be camouflaged or concealed E20:3.13."

Deployed Shelters. Since deployed forces must operate

in extremely hot or extremely cold areas of the world, the

Harvest Bare and Harvest Eagle deployment kits provide

surface shelters that offer protection against the

elements. These kits contain modular, expandable, and

canvas shelters. "Modular and expandable shelters and

canvas tents provide all the structures needed on a bare

16
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base to provide billeting, shops, hangars, and storage. All

expandable and general purpose shelters can be set up for

immediate use or packaged for redeployment by the same

people who will use them CI:S.13."

Hasty Shelters. In a deployment, the shelters provided

in the Harvest Bare and Harvest Eagle kits may be

destroyed. They can be destroyed during transport to the

site, or weather and enemy action can destroy the shelters

after they have been set up. If no replacements are

immediately available, some hasty (expedient) shelters must

be constructed until the replacements arrive.

Hasty shelters are constructed with a minimum
expenditure of time and labor using available
materials. They are ordinarily built above ground
or dug in deep snow. Shelters that are completely
above ground offer protection against the weather
and supplement or replace shelter tents which do
not provide room for movement [20:3.13.

Field Fortifications. Although shelter from the weather

is important to keep the deployed forces healthy and able to

perform their mission, shelter against enemy action is also

necessary if the deployed forces are to survive in

contingency environments. Therefore, Civil Engineers must

be familiar with the various expedient field fortifications

they can construct to increase the probability of individual

and base survival.

Field fortifications include numerous types of passive

measures to better ensure the air base's survivability. The

most common types are emplacements, revetments, bunkers,

bomb shelters, and obstacles (17:85,93,96,105). Emplacements

17
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(i.e., foxholes) are simply and hastily constructed

defensive positions that are camouflaged, concealed, and

"permit each individual to accomplish assigned fire missions

8 17:85.'."

Revetments are retaining walls that prevent unstable

soils from collapsing in defensive structures. "Revetments

may be constructed of sandbags, sod blocks, and other

expedients [17:933."

Bunkers are emplacements with overhead protective

cover. "The protective cover and roof of a bunker should be

designed so that it moves freely but is rigid enough to

displace as a unit. It must also be able to absorb the

shock of an exploding shell [17:96]."

Bomb shelters are totally passive -structures because

they protect personnel and equipment from the enemy and have

no openings for effectively returning fire. "The most

effective shelters are underground cut-and-cover [17:96]."

Obstacles are structures that prevent or hinder enemy

forces from advancing to the air base. Antipersonnel

obstacles include "wire obstacles constructed with barbed

wire and tape...[and3 expedient obstacles constructed from

locally available material... Antivehicular obstacles are

both deliberate and expedient types of obstacles designed to

delay or stop the progress of all types of vehicles

C17:1233." I

Hardening Facilities. Whereas perimeter defense

fortifications protect the base defensive forces, other base

18
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facilities must be hardened to protect deployed aircraft,

munition storage areas, support personnel, and critical

equipment and utilities. "Even small-caliber rifle of

automatic weapons fire against many existing air base

facilities could produce high numbers of casualties among

facility occupants C7:13.0 The threat is even greater from

mortors, large-caliber projectiles, rockets, and bombs.

Hardening the exterior walls, roofs, windows, and doors

can protect facilities from enemy action. Exterior walls

can be protected by filling hollow spaces, attaching

protective overlays, placing loose soil or sandbags against

the walls, erecting revetments, or constructing interior

shelters (7:14-19,22,23). Roofs can be protected by adding

S.concrete or sandbag overlays. Windows can be protected by

permanently sealing window openings or by adding a removable

protective cover panel. Finally, doorways can be protected

with protective panels or revetments, or replaced with blast

and penetration resistant doors (7:20-24).

Pavement Surfaces and Support Systems

Non-airfield Pavement Surfaces. Although expedient

shelters and other base buildings are required to support

the deployed forces, efficient routes of transportion are

required to minimize travel time between facilities.

Adequate parking areas should also be provided so the roads

can remain open to traffic.

Roads and parking areas are quite satisfactory in many
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nations. Europe, for instance, has many roads equal to

those in the United States. Unfortunately, many other

nations have few paved roads, if any at all. For example,

roads in desert Arab countries are generally underdeveloped

(35:187). Generally, underdeveloped nations are marked by "a

lack of investment capital E24:2553." Since local roads are

administered and financed by local governments and highways -"

are financed by national governments (25:901), it is

reasonable to assume that undeveloped areas lack the

investment capital to construct effective road systems.

Therefore, forces deployed to undeveloped, third world
S

nations can expect inadequate roads.

Deployed CE forces may find it necessary to

expeditiously construct, maintain, and repair the

non-airfield pavement surfaces to ensure a totally

operational base. Since CE forces can be deployed

worldwide, they must be familiar with expedient methods of

providing roads and parking areas in both wet and dry

areas.

Expedient surfaces in wet, muddy areas "must be

structurally strong and spread the load over a wide area of - -

the subgrade [17:2473." Graded and compacted areas without

some load-bearing surface are totally inadequate in muddy

areas. Three different expedient loadbearing surfaces can

be constructed to provide the necessary roads and parking

areas in the deployed location. These surfaces are (1)

chespaling roads, (2) corduroy roads, and (3) tread roads B
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(17:250-254). These expedient road surfaces are shown in

Appendix B.

In contrast to road surfaces in wet areas which are

built to distribute loads over a greater area, expedient

road surfaces in dry, sandy areas attempt to stabilize the

sand so it can support necessary loads (17:254). Numerous

expedient methods can be used to stabilize sand so it can be

used for non-airfield pavement surfaces. For example, - -
I.

chicken wire, expanded metal lath, and chain link wire mesh

(cyclone fence) can be used to stabilize sand (17:254).

Other expedients include lowering tire pressure, stabilizing

sand with portland cement or oil, grading the road until

firmer soil is found, and placing building rubble in the

ruts (43:7.19).

In some instances, airfield landing mats can provide

non-airfield pavement surfaces. "Airfield landing mats can

be used to form an expedient road surface over either mud or

sand C17:2553." In either case, airfield landing mats should

be used for non-airfield pavement surfaces only if there are " ."-

sufficient quantities to meet both the non-airfield surface

needs and the airfield bomb damage repair needs.

Airfield Pavements. The flightline area contains some

of the most critical facilities on a base. Included are the

airfield pavements (i.e., the runways, taxiways, and ramps)

and the systems required to support these pavement areas.

These supporting systems include the runway/taxiway lighting

system and aircraft arresting system. These pavement P
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facilities and support systems are critical because the

flying mission cannot effectively be conducted without

them.

During the early 1960s, Air Force strategic planners

believed that enemy weapon systems would be aimed at the

softer targets, namely, the aircraft (5:2). Aircraft are

especially vulnerable on the ground due to "their delicate

structure, fuel contents and associate high-explosive

ordnance [5:2 3. "

However, this view has changed with the advent of

hardened aircraft shelters and improved aircraft performance
I

and support systems (5:2). Today, airfield pavements are the

primary target on airbases (5:3). Therefore, airfield

pavements are a major concern for Civil Engineering forces

in contingency environments.

In contingency environments, Civil Engineering's

airfield pavement work is classified as Rapid Runway Repair

(RRR). "Following an enemy attack, the BCE must be capable

of rapidly restoring damaged runways, taxiways, aircraft

parking areas and other airfield pavements. Consequently,

RRR is a priority mission for the Prime BEEF contingency

-force (CF) teams (8:15.."

Chapter 5 of AFR 93.2 outlines eight major steps for

this RRR procedure after all unexploded ordinance has been

removed by Explosive Ordinance Disposal personnel. These

steps consist of E14:5.23:

a. Identifying craters for repair and estab-
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lishing a new temporary runway center line;
b. Delivering, stockpiling, and placing select

fill material;
c. Cleaning and sweeping the new runway;
d. Assembling the AM-2 matting;
e. Positioning AM-2 matting over the crater;
f. Anchoring AM-2 matting; and
g. Painting new runway center line.

Since the early 1960s, the objective has been to

provide at least a minimum operating strip (MOS). The MOS is

"a 50 foot wide, 5,000 foot long area clear of all debris

and structurally capable of withstanding the weight of a
I

fully loaded fighter aircraft for the number of passes

necessary for launch and recovery of all assigned aircraft.

This objective had to be accomplished within a four hour .

period for any anticipated damage from three 750 - pound

bomb craters [5:33. "

AM-2 matting met the RRR requirements for the wartime

scenario specified in the early 1960s. However, the Soviet

Union has greatly improved its Air Force.

Since 1973, they have phased a new generation
of aircraft into the inventory; including
improvements to the MIG-21 FISHBED aircraft (the
3, K, and L models); and newer aircraft - the
Su-17 FITTER C, the MIG-23 FLOGGER and the Su-19
FENCER are fully employed... The FENCER A, an
aircraft designed with air-to-ground weapons
(against airfields; specifically runways) appears
to be the first Soviet fighter designed for ground
attack, and was doubled in Frontal aviation
capability by the end of 1976 E5:83.

These modernization efforts by the Soviet Union have

resulted in a change from a position of defense to one L

capable of successful offensive action (5:9). Therefore, the

current practice of repairing three large craters in four

hours with AM-2 matting is no longer realistic (5:13,14). -
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New, faster methods of repairing craters must be found.

Arresting Systems. During wartime, aircraft often must

make emergency landings. Furthermore, the runways

themselves may be severly damaged from enemy action.

Expedient repair work may not be completed or the MOS may be

too short for the emergency landing. In these cases,

aircraft arresting systems become crucial for safe

landings.

Although many arresting systems exist, "the BAK-12 is

the only expeditionary aircraft arresting barrier system.

The other arresting systems, the BAK-9, 11, 13 and 14, were

designed for permanent installation C423." In contrast, the

BAK-12 can be "installed as an expeditionary semi-permanent,

or permanent runway facility or may be used in conjunction

with other engaging devices E10:33263." It can be fixed

on-grade to a concrete pad, below grade in a concrete pit,

or expeditiously installed with earth anchors in about 100
S

manhours (1:4.9). Finally, "the BAK-12 can be readily

installed anywhere in the world [1:4.93."

Airfield Lighting. While arresting systems are critical

for emergency landings and to ensure landing aircraft do not

exceed the MOS, airfield lighting becomes critical for night

landings. The need for airfield lighting is especially

critical in contingency environments where the MOS may be

only 50 feet wide by 5,000 feet long. The surrounding area

may be dangerously marred by unrepaired bomb craters.

Both the Harvest Bare and Harvest Eagle kits contain 0
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portable airfield lighting sets that can be installed by

Prime BEEF forces (1:4.1). Both kits contain components that

are "identical to those items currently being used at both

military and civilian airports around the world and are

highly reliable [1:4.5,4.6]."

Utility Systems

Electrical Power Production. Electrical power during

contingencies is needed to operate the runway lighting

system and critical base facilities. A reliable source of

power is becoming increasingly important to the Air Force

mission as more defense systems and support functions rely P

on electrical power for their operation. Sources of

electrical power become even more critical during

contingency situations in which the enemy targets the

electrical power sources in ah attempt to disrupt the Air

Force mission (40:1,2). Electrical power systems are "used

during expedient construction and operation of air base

facilities for contingency force beddown and expedient

post-attack recovery of vital base facilities E40:13."

Electrical generators are the primary source of

electrical power for Air Force operations in contingency

environments. Generators also serve as a backup "to provide

exigent operation of air base facilities and functions

(including surveillance) during commercial electric power

disruptions or outages caused by accident, sabotage.,

vandalism, and/or attack in the CONUS and the overseas
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theaters [40:13." This section examines expedient methods,

as they pertain to the installation, repair, and maintenance

of electrical generators at Air Force installations during

contingencies.

Preparing electrical power can be accomplished by using

the generator sets available in the Harvest Bare and Harvest

Eagle kits. The generators that make up these kits have

been developed after extensive study of the problems

encountered with electrical generators during the build-up

of the Vietnam conflict (27).

At present, the second generation standard family of ...

generators is still under development, and many of the

interim family of generators are still being L . The vast

majority of generators in the current Air Force inventory is

the first generation standard family. These are the

generators included in the Harvest Bare and Harvest Eagle

kits. During contingencies, expedient methods would be used

to keep the generators found in these kits operational.

Expedient methods would also be used on the interim family

ot generator sets that still exist (32).

Electrical Distribution. Electrical power is useless

unless the power can be transmitted from the power source to

the facilities requiring electricity. Host nation power and

distribution lines should be used whenever possible.

However, in many countries such as those in Southwest Asia,

standardized power does not exist (1:5.1). "Frequency and

voltage may vary from location to location. Their -,;
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distribution networks are limited and those that do exist

may be deteriorated and unreliable C1:5.1,5.2]."

Therefore, Air Force Civil Engineers may have to

provide their own electrical distribution systems. The

Harvest Bare deployment kit contains an expedient electrical

distribution system. Harvest Bare kits contain both primary

and secondary distribution systems to supplement the Harvest

Bare generator sets (1%5.2,5.3).

Interior Electrical Wiring. Procedures for wiring the

interior of facilities are given in AFM 91.17 and AFP 85.1.

These procedures vary little during contingencies. Any

variation to these procedures simply adds to the already

hazardous conditions with the threat of electrical fires.

However, insulated wiring can be expediently mounted on the

surfaces of interior walls, ceilings, and floors.

Furthermore, expedient methods can be used to determine the

required wire size for a specific load when no other method

is available (17:351). This method of expediently sizing

interior wiring is found in Appendix B.

Water Supply. Water is perhaps the most critical
I

resource required by the human body to stay alive. This is - -

especially true in desert environments where sparse rainfall

produces very few rivers and only intermittent streams

(1:6.1). If deployed forces do not have adequate sources of -

potable water, the body's natural cooling system brakes

down. Dehydration takes place, followed by incapacitation,

heat stroke, and possibly death (1:6.3).
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Heat and lack of water will be the greatest
threat against combat forces. Casualty stories
indicate the problem of water is critical. Fifty
percent of the Egyptian army's 20,000 casualties
were caused by heatstroke in the six day war in
1967, between Israel and Egypt... During the

Kuwait Intervention, British forces suffered
dehydration rates of almost ten percent. Water
will quickly become a killer. As temperatures
rise to 120 to 125 degrees farenheit, such as in

an armored personnel carrier or other tracked
vehicle, water consumption rates will need to
increase. The Surgeon General has stated that a
loss of two quarts of body fluid decreases
efficiency by 25 percent, and a loss of fluid
equal to fifteen percent of the body weight is
usually fatal r28:13.

Due to its critical nature, water consumption must be

carefully planned during contingencies. Consumers of

potable water include individuals, mess operations, and

hospitals (1:6.4). Nonpotable water use for laundry

operations, construction, and grave registration must also

be considered (1:6.4). Finally, deminralized water must be

planned for thrust augmentation for many heavy aircraft
( 1 :6.5).•" "

Water Treatment. Fortunately, other than desert

areas, water is usually readily available. Also, seawater

and brackish water can be used for most nonpotable

requirements, although it should be disinfected if it is to

come in contact with human skin. Furthermore, seawater and

brackish water can be made potable when treated with the

reverse osmosis water purification unit (ROWPU). However,

water with small amounts of dissolved solids can be purif -1

with the Erdlator (1:6.1,6.2).

Water Storage. Once the water has been located it
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should be stored for latter use. Water can be stored in

"flexible bladders ranging in sizes up to 50,000 gallon

capacity, 1,500 gallon water distribution trucks and 400

gallon distribution trailers, 3,000-gallon onion or stave

tanks, 36-gallon lyster bags, and 5-and 10-gallon igloo

water coolers [1:6.73." The bladders can be used to store

both potable and nonpotable water. The onion or stave tanks

store the brine water from the ROWPUs. The distribution

trucks, distribution trailers, and igloo coolers transport

water as required. The lyster bags provide water in the

billeting and work areas. Considerable water is also stored

in the water pipelines, themselves (1:6.7).

Expedient water containers can be constructed from

available matter if the conventional storage containers are

destroyed from normal wear and tear or by enemy action

(11:16). Examples of expedient water containers include

cleaned fuel storage cans (11:16,17) and lumber or excavated

basins lined with a membrane sheeting (43:5.43-5.45).

Water Distribution. Water must be transported from its

source for treatment and storage. Once in storage, the

water must be distributed to the deployed forces. Although

water trailers can be used to distribute water, they are

labor intensive. There is also the potential problem of
° I -

improperly segregating the storage vessels. If this occurs,

nonpotable water may be used for potable purposes and vice

versa (34:5.15). Although the containers can be color coded

to reduce confusion, pipelines are much more efficient.
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Pipes can distribute greater quantities of water to numerous

locations in the deployed location.

Pumps. Typically, pumps are used to drive the water

through the pipes from the water storage bladders to the

user locations. Pumps are classified as either raw water

pumps, fire transfer pumps, or potable water booster pumps

(1:6.6). Raw water pumps "pump water from remote sources

to various water treatment stations and to raw water storage

bladders l:6.63." The diesel-driven fire transfer pumps

are used to fill the fire vehicles. The fire vehicles can be

filled from the water sourcep the raw water bladders, or the -

potable water bladders (1:6.6). The potable water booster

pumps are "used to pressurize the potable water

distribution system E1:6.6]."

Water Distribution Problems. Although pipelines

are effective in distributing water, problems can occur. For

example, surface or near-surface distribution lines collect

heat during the day. Also, plastic pipes can degrade from

ultraviolet light if left uncovered in hot environments.

Finally, pipelines expand and contract and tend to leak

during great temperature variations. Desert pipelines often

leak due to the wide temperature variation between day and

night (34:5.15).

Field Sanitation. In contrast to water which must be

acquired, purified and distributed to the deployed forces,

waste must be kept away from the deployed forces. "The

total weight of wastes of all kinds, including liquid
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wastes, produced under field conditions approaches 100

pounds per person per day. If this material is not removed

promptly and thoroughly, a bare base installation would soon

become unhealthy and unsightly. Prompt and thorough removal

of this material in such a manner that will not contaminate

local water sources, air, or the land is a must C117.13."

Latrines. During contingencies, human waste must be

disposed of to prevent disease and the appearance o4 vermin.

The method of disposal can vary greatly, depending upon

where the forces are deployed (1a7.1). Modern sewage systems

say not always be available. Furthermore, the Harvest Bare

portable chemical toilets and human waste incinerators

may not always be in operational condition. Therefore,

expedient latrine facilities may have to be constructed.

.arbage Disposal. Garbage is caused by the kitchen

and mess activities. both wet and dry forms o4 garbage must

be removed from the kitchen and mess areas before offensive

odors are generated and flies and rats are attracted. The

usual practice is to collect the garbage in cans outside the

kitchen and then dispose it by burial (203242).

Since liquid wastes contain particles of food, grease,

and soap, it must be treated before it is buried (1:7.3).

Treatment involves either soakage pits or grease traps.

"Soakage pits act as reservoirs from which water is

gradually absorbed by the surrounding ground 11:7.33."

Grease traps "prevent greases from slogging the soil's

ability to absorb the waste water C1:7.33." Expedient

31 ,-,.



soakage pits and grease traps can be constructed during

contingencies.

Dry garbage is divided into two classes - combustible

and noncombustible (1:7.5). Although noncombustible dry

garbage can be buried directly, the combustible dry garbage

should be burned to reduce its volume. It can be burned in

either an open incinerator or an inclined plane incinerator

(11:30). The burned garbage can then be buried or placed in

a sanitary fill with the noncombustible garbage. Care

should be taken to properly bury the garbage. Improper

burial of garbage "creates breeding/feeding grounds for all

types of disease carriers (rats, flies, etc.) E1:7.53."

The Sanitary Colleation System. Sewage systems

carry waste away from the deployed forces to reduce disease

and improve the living conditions of the deployed forces

(1:7.6). The sewage system at a deployed location is made up

of Harvest Bare pipes, couplings, and valves. However,

commercial pumps and controls, sewage lagoons, and

expediently made items are also used (1:7.6,7.9). The entire

system must be capable of handling 14 gallons of sewage per

day for each person (1:7.7).

The collection system is made up of "a series of

lateral, branch, -main, and outfall sewers leading from

shelter connections, together with such devices as grease

traps, wet-well sumps, and sewage lagoons E1:7.73." The

lateral sewers collect the sewage from the shelter

connections and empties it into the branch lines. The
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branch lines connect to the mains and the mains bring the

sewage to the lagoons.

Liquid Fuels. Liquid fuels are needed to power numerous

pieces of equipment required by CE forces during

contingencies. Heaters, incinerators, pieces of equipment

with internal combustion engines require liquid fuels.

Furthermore, any piece of equipment which runs on electrical

power relies on liquid fuels since electrical generator

engines operate on liquid fuels (1:1.7).

Providing and Storing Liquid Fuels. The most

efficient way to provide liquid fuel is to transport the

fuel through pipelines from a major storage complex to the

deployed forces. However, a fuel pipeline may not always be

available. Furthermore, pipeline systems are especially

vulnerable to sabotage (45). Since pipelines are usually

buried, the most susceptible pipeline facilities and

locations are actually "pump stations, input stations, river

crossings, intersections with other systems, and centralized

computers which remotely control operations [45:iii]." If

damaged, these critical pipeline facilities "could require

up to 6 months or more for repair E45:iiiJ.".

During contingencies, an alternate procedure of

supplying deployed forces with liquid fuel, other than for

sortie generation, is flying the fuel to the deployed site

in fuel transport planes or helicopters. The fuel can then

be off-loaded into fuel transport vehicles and transported

to storage facilities. Fuel storage facilities can be

'.. ,-..
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existing steel tanks, deployed fuel bladders, or expediently

used storage such as 55-gallon drums (33).

Special Fuel Dispensing Problems. At extremely low

arctic temperatures, special problems are encountered which

affect fuel dispensing systems. Pumps and other equipment

are difficult to start and operate when the temperature drops

to -60 degrees F. Fuel bladders and other elastomeric

materials become brittle and useless at these low

temperatures (30:vi). Therefore, fuel dispensing equipment,

batteries, and elastomerics must be developed to withstand

the extremely cold temperatures of the arctic (30:viii).

Heating. Liquid fuels provide a primary source of heat

for deployed forces during contingencies. However, liquid

fuels are not the only sources of heat. In fact, anything -

that burns can be used to provide heat. No matter what the

fuel, an adequate heat source can be critical for

deployments to cold regions.

Estimating Heat Requirements. Properly sized

heating units are important for conserving fuel. Undersized

heaters must operate continuously during long, cold winter

deployments. Therefore, the smaller heaters may actually

consume more fuel then the larger units. Unfortunately, the

larger heater are more expensive. However, slightly

oversized heaters may actually "be beneficial in overcoming

heat loss because of doors opening and also for bringing an

unused shelter up to the desired temperature more quickly

before sensitive equipment is turned on [31:II.5]."
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Expedient Heating. Wood is perhaps the best

expedient fuel for creating fire and heat. Wood must be .

fine, dry, and loosely arranged before it will begin to burn

(4:289). Once these conditions are met, wood produces an

excellent expedient heat source.

Air Conditioning. While heaters are required during

cold weather, air conditioning is required when forces are

deployed to hot areas of the world. Serious heat related

health problems such as heat exhaustion and heat stroke can

result if cooling is not provided (19:190; 22:51). Since

both health problems are incapacitating, and heat stroke can

be fatal, adequate air conditioning can be critical for both

individual health and overall mission accomplishment.

Selecting the proper cooling unit is also important for

fuel conservation and to ensure adequate dehumidification

(31:11.5). Smaller cooling units use less fuel and ensures

fuel for cooling during long hot spells. Smaller cooling

units also ensure proper dehumidification. A smaller unit

"will cool more slowly and, because its capacity is close to

the requirement, will cool almost constantly; it therefore

will be also constantly dehumidifying the shelter -

[31:II.5]." Oversized cooling units may cool the shelter

more quickly, but it switches off more often. "While in the

non-cooling mode, it is not dehumidifying the shelter

E31:11.53."

3
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Summary

This chapter provided a general background to expedient

methods. After defining terms closely associated with

expedient methods, it presented a brief history of Civil

Engineering mobilization and explained the concept of

expedient methods and its importance to Civil Engineers. A

literature review of expedient methods was then presented.

The literature review gave a brief insight to the numerous

areas of work in which Civil Engineers utilize expedient

methods during contingencies.

The following pages develop these areas of work into a

workable guide for performing expedient methods. The final

product, found in Appendix B, supplements AFM 88-34 to form

a comprehensive expedient methods field manual.
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III. Methodology

Chapter Overview

This chapter restates the research objectives

identified in Chapter 1 and describes their method of -

accomplishment. Justification for the research approach and

specific aspects of data collection is also presented.

Research Steps for Objective 01 1

Research Objective #1. The first objective of this

thesis was to identify published expedient methods not

included in AFM 99-34 but useful to Civil Engineers deployed -

to contingency environments. The expedient methods

considered useful were those that involved the 16 areas of

work expected of Civil Engineers during contingencies. .

These 16 areas o4 work were categorized into three major

groups and redefined as follows:

1. Facilities I

a. Expedient Shelters

b. Expedient Field-fortifications

c. Expedient Facility Hardening

2. Pavement Surfaces and Support Systems

a. Non-airfield Pavements

b. Airfield Pavements

c. Aircraft Arresting Systems

d. Airfield Lighting Systems

3. Utility Systems
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a. Electrical Power Production

b. Electrical Distribution

c. Interior Electrical Wiring

d. Water Supply

e. Water Distribution

f. Field Sanitation

g. Liquid Fuels

h. Heating

i. Air Conditioning

Method of Approach. A literature review of magazine

articles, course handouts, pamphlets, regulations, and

manuals was used to find published expedient methods useful

to Civil Engineers. These published expedient methods were

compared to those in AFM 88-34. Any expedient methods not

included in AFM 88-34 were used to develop the supplement to

AFM 88-34.

Justification of Approach. The literature review was

required to find expedient methods that were already

available to Civil Engineers. This review served as a base

for evaluating the unpublished methods identified in

objective *2.

Aspects of Data Collection. All expedient methods that

were uncovered by the literature review but already included

in AFM 88-34 wer& disregarded. Those expedient methods that

wre not found in AFM 88-34 were retained and included in

the supplement.

The next step in data collection was to make a list of
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key words that related to the topic of expedient methods.

This list was, in fact, provided by the School of Civil

Engineering at the Air Force Institute of Technology (AFIT),

Wight-Patterson AFB OH, at the onset of this research

effort (41). The 16 areas of work that Civil Engineers are

expected to perform during contingencies provided the

necessary key words.

These key words were used to begin the actual-

literature review effort. A request for unclassified Air

Force and Army reports for each of the work areas identified

by the key words was submitted to the Defense Technical -

Information Center (DTIC), Defense Logistics Agency, Cameron

Station, Alexandria, VA.

The key words were then used to find appropriate

arTicles listed in the Air University Index to Military

Periodicals. Microfiche slides of these articles were

located at the APIT Engineering (EN) Library. The microfiche

slides were reviewed to locate data pertinent to this

thesis. Articles with no relevant data were immediately

discarded. Articles with only a few pages of pertinent data

were saved and paper copies of these pages were made.

Articles that were needed in their entirety were identified

and complete copies were obtained from DTIC.

Other sources of expedient methods information were the

course handouts offered by the AFIT School of Civil

Engineering in their short course, ENG 485, "Contingency

Engineering; Army field manuals; and Navy Seabee

39

........ d.an pae cois fths pgs.eemae .,



engineering manuals. All of these sources contained

additional, valuable information that was used to complete

objective *1.

All sources uncovered by the literature review

contained expedient methods that could be applied by Civil

Engineers during contingencies. General information of the

expedient methods provided by these sources was presented in

Chapter 2 of this thesis. The detailed methods were used to

complete the supplement to AFM 88-34.

Research Steps for Objective *2

Research Objective *2. The second objective of this

thesis was to obtain the unpublished expedient methods

actually used by Civil Engineers during past contingencies.

Since these expedient metho,:i were developed, used, and

found effective during actual contingencies, they would be a

valuable source of information for future contingencies.

Therefore, these expedient methods would be included in the

supplement to AFM 88-34.

Method of Approach. The only practical means of

obtaining unpublished expedient methods was by a survey.

Those surveyed included all Air Force Civil Engineering

officers, enlisted personnel, and civilians stationed in the

Continental United States (CONUS). Responses were expected

only from those members who performed the Civil Engineering

mission in a contingency environment and actually used

expedient methods not found in any publication. The
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responses in this case contained the detailed, step-by-step

procedures for accomplishing the expedient methods. Since

the survey was actually a request for expedient methods

instructions, the survey could be sent directly to the CONUS

Air Force Civil Engineers without the approval required for

typical surveys (1&:1.3).

Aspects of Data Collection

The first step in collecting the expedient methods

instructions was to design the survey cover letter,

instructions, and forms. The survey cover letter was

critical to this thesis, for an adequate number of pertinent

responses depended entirely upon the motivation of the

respondees. The author felt that many respondees could be

motivated directly by stressing the benefits that their

inputs would have on the less experienced Civil Engineering

personnel. However, other respondees had to be motivated by

their Base Civil Engineers (BCEs). Therefore, the survey

forms were sent directly to each BCE with a clear and

concise cover letter. The cover letter explained the

importance of this thesis and requested their assistance and

support. The BCE could then direct their branch chiefs to

complete the survey forms and to solicit responses from

other military and civilian personnel who have had any

contingency experience.

The BCE letter contained another letter to the branch

chiefs which provided concise instructions for properly
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completing the survey forms. The survey instructions stated

the purpose of the survey, defined the terms "expedient

methods" and "contingencies," and identified the survey

respondees.

To ensure pertinent expedient methods procedures from

the respondees, the survey forms were made as simple as

possible. This was extremely important since the respondees

had to write detailed procedures instead of the simple

responses typical of most surveys.

The survey forms contained a completed sample to

demonstrate the proper way of completing the forms. The --

survey forms asked each respondee to enter expedient methods

procedures along with the respondee's name, rank, and phone

number. This biographical information provided a means to -

contact the respondees for clarification of their

procedures. Also, by providing their names, the respondees

received full credit for their expedient methods when these

procedures were published in the new field manual.

The survey forms also required the respondees to state

the time, place, and situation that the expedient methods

procedures were used if this information was unclassified.

This information provided historical realism to the

procedures and would give future readers the means to

compare their contingency situation with those provided by

the respondees.

The second step was to test the survey before sending

the survey package to the BCEs to eliminate any ambiguity
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that may have existed in the cover letter, survey

instructions, or survey forms. Twenty-two Civil Engineering

graduate students enrolled in the Graduate Engineering

Management Program at the AFIT were selected to perform the

test survey. Responses to the test survey revealed no need

for improving the survey cover letter, instructions, and

survey forms.

The third and final step was to send the survey package

(i.e., the cover letter, survey instruction letter to the

branch chiefs, and approximately 80 survey forms) to the

BCEs at each CONUS Air Force Base. A copy of the cover

letter, instructions letter, and survey form was placed in

Appendix A of this thesis for reference. The responses to

the survey provided expedient methods actually used during

contingencies. This information was then assembled with the

information found from the literature review to form the

supplement to RFM 88-34.

Research Steps for Objective #3

Research Objective *3. The third objective of this

thesis was to design the supplement to AFM 88-34 from the

information obtained from objectives *1 and #2.

Method of Approach. The supplement was kept in the same

basic format of AFM 88-34 so the pages could be inserted

without impairing the effectiveness of the manual. The

supplement was also kept clear and concise so the

information could be easily located and used during
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contingencies.

Aspects of Supplement Design. The first step in

designing the supplement to AFM 88-34 was to discard

duplicate expedient methods as discussed in the Methods of

Approach section. The remaining expedient methods were then

grouped into similar categories. These categories were

identified by the 16 key words discussed previously.

Expedient methods that did not fall in any of these

categories were grouped in a category labled "Miscellaneous

Expedient Methods." These 17 categories formed the body of

the supplement to AFM 88-34 and can be found in Appendix B

of this thesis.

The next step was to design the instructions for

inserting the pages of the supplement into AFtM 88-34. This

was accomplished by locating sections in AFM 88-34 that

paralleled each of the 17 categories of the supplement. The

pages of each category were then placed in the appropriate

section of AFM 88-34. Care was taken that the inserted pages

did not interrupt the logical presentation of AFM 88-34.

The instructions were then written. The instructions

direct the reader to insert a given page of the supplement

before or behind a given page in AFM 88-34. The final step

was to construct a revised Table of Contents for AFM 88-34

to account for the inserted pages of the supplement. This

Table of Contents is also found in Appendix B.
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IV. Results and Recommendations

p
Chapter Overview

This chapter gives the results for each of the research

objectives discussed in the first two chapters.

Recommendations based on these results are presented to

improve the comprehensive expedient methods field manual

developed in the thesis.

Research Results

Results of Research Objective #1. The literature review

disclosed 41 published sources that were pertinent to this .

thesis. These sources were sited in both the main body of

this thesis and in the Appendices. Fourteen sources

contained expedient methods instructions that were not

published in AFM 88-34. These sources were used to develop

the supplement to AFM 88-34.

Results of Research Objective *2. All 84 CONUS Air

Force bases were surveyed to obtain previously unpublished

expedient methods instructions. Of these bases, 18

submitted responses. These responses contained a total of

65 expedient methods, 22 of which were never before

published. These unpublished expedient methods were added

to those discovered in the literature review to form the

supplement to AFII 88-34.

Results of Research Objective *3. The actual supplement

to AFM 88-34 was then developed. This supplement can be
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found in Appendix B, along with instructions for inserting

the pages into AFM 88-34.

Recommendations

Although this thesis provided 70 additional expedient

methods to supplement AFM 88-34, it also uncovered areas in

which expedient methods are lacking. These areas are listed

below:

1. Expedient repair of aircraft arresting systems

2. Expedient wiring of facilities

3. Expedient plumbing techniques

4. Expedient liquid fuels distribution systems

5. Expedient air conditioning systems

Therefore, it is recommended that additional research

be conducted to uncover and/or develop expedient methods in

these areas. Additional expedient methods can be uncovered

by additional surveys and a more extensive literature

review. A survey should be conducted for each of the areas

to which information is missing. Each survey should be sent

directly to those Air Force Civil Engineers whose wartime

duties would include expedient methods in the area of

concern. Additional information could be found by surveying

Civil Engineering personnel attending the AFIT short

courses, stationed overseas, in the Air National Guard, and

in the other branches of the military. Retired Civil

Engineers should also be surveyed.

Additional expedient methods can also be uncovered by
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conducting a second literature review. This second

literature should include Air Force trip reports and other

published documents not researched in this thesis. The

literature review should focus only on those areas which are

weak in expedient methods.

If the additional surveys and literature review fails

to uncover sufficient expedient methods for all of the areas

presented above, it is recommended that research be -!-

conducted to develop expedient methods for the remaining

weak areas. The Engineering and Services Laboratory at the

Air Force Engineering and Services Center (AFESC), Tyndall

AFB FL or Civil Engineering graduate students at the Air

Force Institute of Technology, Wright-Patterson AFB OH would

be best qualified to conduct this research.

A copy of of this thesis has been sent to the

Directorate of Engineering and Services (HO USAF/LEEE) since

the 0-2 to AFM 88-34 identifies LEEE as the office of

primary responsibility for any changes made to the manual.

This office can then revise AFM 88-34 by including the

supplemental information found in Appendix B. This revised

AFM 88-34 should then be made available to all Air Force

Civil Engineers. Also, any follow-on research efforts should

send the results to HO USAF/LEEE.

L
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Appendix A: Survey Package

DEPARTMENT OF THE AIR FORCE
AIR FOR" INSTIrTUE Of TECHNO.OGY (AU)

WRIGH-PATIERSON AIR FORCE EASE. ON 4"=

" "1

SAleP Expedient Methods Field Manual

1. One of our graduate students, Captain Roy V. Bousquet, is developing a
now field manual on expedient methods. The manual will contain actual methods

of performing quick and temporary forms of construction. maintenance, and
repair that have proved useful for CE during past contingencies. In addition
to combining the numerous published sources on e xpedient methods, including
AIM 88-34, the comprehensive manual will include previously unpublished tech-
niques In expedient methods.

2. Xany civilian and military personnel have performed their CE mission in
wartime, during military exercises, or after natural disasters. Unfortunately,

many of the innovative techniques used during these crises were never recorded.
We want to gather this ienlth of information oo help younger officers and
enlisted personnel who have never operated in a contingency environment. This
information would also be useful in your expedient methods training program,

pcoviding realistic, "hands-on" contingency training. Thnew manual should be
a useful guide in this training.

3. Please sign the attached letter and send copies of the letter and some
survey forms to your branch chiefs. Your branch chiefs most likely possess
the information needed. They can also find other experienced personnel who
have actually used expedient methods during contingencies. Please have these
personnel complete the enclosed forms and return them to your administrative
office for ailing. A return envelope is included.

4. I realize that your people are very busy with their day-to-day duties.
Many will not be willing to take the time to draw sketches and write brief
directions that explain their expedient method experiences. However. the

information that they possess will be valuable for many other Air Force Civil
Eners.You% support would be greatly appreciated.

LAIRRL. TH. Colonel.* USAF 2 Atch
1. Letter for Branches

*Scho 1 f Systems and Logistics 2. Survey Forms

AIR 905C5-A *MyA WAY Of LIM 4a:::
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REPLY TO
ATTN OF:
SUBJECT: Expedient Methods Field Manual

TO:

1. We have a chance to help write a manual of expedient methods to
help us in future contingencies. Expedient methods are quick and
temporary forms of construction, maintenance, and repair that are

. " performed during contingencies to keep a base operational. A
graduate student at the Air Force Institute of Technology (AFIT) is
developing a new, comprehensive field manual on expedient methods.
This manual will assist in our expedient methods training as well
as providing a valuable source of information for our less
experienced officers and enlisted personnel who have never operated
in a contingency environment.

2. If you have ever been in an actual contingency such as a war,
military exercise, or natural disaster, you probably have experience
in using expedient methods. You may have used expedient methods
during base build-up (providing electrical power, sanitation,
shelter, etc.), for expedient maintenance/repair of existing
facilities, or for making substitute tools. The procedures you
used would be valuable additions to the new expedient methods manual.

3. Please take the time to fill out the four sections of the
following form. Give copies of the form and this cover letter to
anybody else in your branch who has information that can be added L
to the manual. Then return all the forms within 2 weeks to your
Admin Office for mailing. You will receive full credit for any
expedient methods procedure that you provide.

Thank you very much.

2 Atch
1. Survey Form
2. Example Sketch
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SURVEY FORM

:IECT!ON I- 8IC'ORPPICQL INFORMQT!'N:

NAME/RANK:-- - - - - - - - - - - - - - - - - - - -
JOB TITLE:-- - - - - - - - - - - - - - - - - - - -
CURRENT BASE:
AV PHONE NO:-- - - - - - - - - - - - - - - - - - -

xxx::xx >xxxxxxxxxx xxxxxA~v<xXx:v ::::x xxxx:''- .)IXX.XXXIIXXI X.,~"
'!ECTION 2- FACKGROUND INFORMATZON:

BASE/COUNTRY/YEAR WHERE EXPEDIENT METHOD WAS USED
'if unclassi-fied):-----------------------------------------

EXAMPLE: &QCtLMLT4&Lt . . .

WHAT WORK DID YOU DO USING EXPEDIENT METHODS?:

EXAMPLE:

-a-*dAr6 ~----------

;'EC7Z0N 3- STEP-BY-STEP PROCEDUIRE (if sketch on back side is
not sel t-rxplanatorv:



i. xxn XXXX XXx~xxxxx xXXX X :<XX Xx X,- XX xyxxXxxxxx V.Vx IXXXXXXXX X
SECTZON'q- SK(ETCH OF LAPEDIENT METHODS:
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EXAMPLE SKETCH

"EXPEDIENT SHOWER UNIT"

Submitted by TSGT John E. Doe -

As used in Vietnam. 1967

NOTE: W. OF DRUM WITH
\ALVE WATER IS 502L8DS. DESIGN

STAND FOR FULL

WEIGHT.

VALVE
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Appendix Bs Supplement to AFM 88-34

Revised Table of Contents for AFM 88-34

Page

CHAPTER 1 -AIRFIELD PAVEMENTS AND SUPPORT SYSTEMS
Airfield Pavement Repair ................... 1-1
Airfield Lighting............................... 1-1
Aircraft Characteristics - Dimensions ....... 1-2 - 1-7
Aircraft Characteristics - Weights and

Performance .................................... 1-8 - 1-13

CHAPTER 2 - SITE PREPARATION
Batter Boards.............................. 2-1
Building Alignment............................ 2-2
Typical Fuel Tank Layout ............................. 2-3
Corduroy Road.......... ................... . 2-4
Corduroy andChespalin Ros................... 2-5
Vehicular Transportation in Sandy Areas...............2-6
Concrete Volume Table................................ 2-7
Concrete Cement - Aggregate Ratios ........ 2-8

CHAPTER 3 - DRAINAGE STRUCTURES f
Timber Bridge Over Small Creek ...................... 3-1
Large Loan-To Culvert................................ 3-2
PSP Culverts ........ a........... ............ 3-3
Culvert Construction Details ..................... 3-4
Headwalls and Subdrains.............................. 3-5
Foot Bridges ...... .. ....................... 3-6

CHAPTER 4 - PLUMIBING
Pipe Bedding Methods ....................... 4-1-
Typical Fire Hydrant Setting ................. 4-2
Manholes..................................... 4-3
Service Connection to Existing Water Main.............4-4
Typical Rigid Connection Detail..................... 4-5

CHAPTER 5 - SANITATION FACILITIES
Shower Unit 1 ........................ 5-1
Shower Unit *2 . ....................... 5-2
Hot Shower LUnit.......................... 5-3- 5-4L
Hoat Water Heater ............................. 5-5
Heating Water for Showers........................... 5-6
Handwashing Device, SGal. Can...................... 5-7
Relocateable Field Latrine ........................ 5-
Outdoor Latrine .................................. -9. 5

StraddlePit Latrine .............. ......... 5-10
Latrine Box......... .......................... 5-11
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Trough Urinal ..................................... 5-12
Field Urinals ..................................... 5-13
Subsurface Piping ................................. 5-14
Leaching Wells and Tile Fields .................... 5-15
Subsoil Disposal Soil Test ........................ 5-16
Wood Septic Tank .................................. 5-17
Final Settling Tank ............................... 5-18
Grease Traps ...................................... 5-19
Junction Box ...................................... 5-20
Diagram of Sanitary Fill ........................... 5-21 --

Cross-Trench Incinerator .......................... 5-22

CHAPTER 6 - WATER SITE DEVELOPMENT
Expedient Support for Driven Well ................. 6-1
Typical Expedient Setup for Jetting ............... 6-2
Improvised Jetting Device ..... .................... 6-3
Expedient Hammers and Driveheads ................... 6-4
Intake Devices ................................... 6-5
Field Constructed Treatment Plant .. ................ 6-6
Typical Layout of Water Purification Set ............. 6-7

Sand Filter ....................................... 6-8
Tower for Water Tank - 25,000 Gal .................... 6-9
Tower for Water Tank - 4,000 Gal ..................... 6-10
Tower for Water Tank - 7,000 Gal ..................... 6-11
Towers for Water Tank - Mill of Material ........ 6-12,6-13
Development of Springs and Streams ................... 6-14
Well Installation ................................. 6-15
Shallow Well - Prepare Site for Drilling ............. 6-16
Shallow Well - Setting up Drilling Operations ... 6-17
Shallow Well - Drilling Operation ..................... 6-18
Shallow Well - Completing Drilling Operations ... 6-19

Shallow Well - Removing Drill Pipe and Inserting
Well Pipe . ...................................... 6-20

Shallow Well - Flushing Pump and Sealing Well ..... 6-21
Shallow We'l - Flushing Well .......................... 6-22
Rubber Tank With Protective Tarp ...................... 6-23
Tarp Lining in Aluminum/Wood Frame ................... 6-23

Wood Framed Container ............................. 6-24
Basin Container ................................... 6-25
Water Borne Disease ............................... 6-26
Poisons in Water .................................. 6-27
Water Distribution ................................ 6-28
Vehicular Transport of Water ...................... 6-29

CHAPTER 7 - TENT STRUCTURES
Concrete Floor for Tents ............................. 7-1
Showers ..........................................7-2,7-3
16' x 32' Tent Framing ............................ 7-4

16' x 32' Tent Framing - Bill of Materials .......... 7-5
Fire Station Layout - Intermediate Type

Construction ................................... 7-6
Fire Station Layout - Bill of Materials .............. 7-7
16' x 32' Tent Framing Modified ...................... 7-8

18' x 52' Tent Framing ............................ 7-9
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18' x 52' Tent Framing- Bill of Materials........... 7-10
Theater or Chapel - 135 Seats......................... 7-11
Unit Administration.................................... 7-12
Pit Latrine..................... ....................... 7-13
Kitchen - 18' x 52' Framed rent................. ..... 7-14
Air Force Exchange - 1,100 Man Unit.................. 7-15
Air Force Exchange - Bill of Material................ 7-16
Recreation and Welfare............................. 7-17
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Instructions for Inserting Pages into AFM 88-34

1. Insert pages 61 and 62 after page 12-25 in AFM

88-34.

2. Insert pages 63 through 67 after page 6-26 in AFM

88-34.

3. Create a new chapter in AFM 88-34 entitled

"Fortifications." Locate this new chapter between existing

chapters 12 and 13. Insert pages 68 through 86 in this new

chapter.

4. Insert pages 87 and 88 after page 1-3 in AFM 88-34.

5. Create a new chapter in AFM 88-34 entitled "Airfield

Pavements and Support Systems." Locate this new chapter

before the current Chapter 1. Insert pages 89 through 101 in

this new chapter.

6. Insert pages 102 through 106 before page 9-1 in AFM

88-34.

7. Insert pages 107 through 112 after page 9-8 in AFM

88-34.

8. Insert pages 113 and 114 after page 9-33 in AFM

88-34.

9. Insert pages 115 and 116 before page 9-1 in AFM >1
8e-34 but after the pages inserted in step 6.

10. Insert page 117 after page 9-4 in AFM 88-34.

11. Insert pages 118 through 120 after page 5-21 in AFM

88-34.

12. Insert page 121 after page 5-7 in AFM 88-34.
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13. Insert pages 122 through 126 after page 5-21 in AFM

88-34 and behind the pages inserted in step 11.

14. Insert page 127 before page 4-1 in AFM 88-34.

15. Insert pages 128 through 130 after page 4-2 in AFI

88-34.

16. Insert pages 131 and 132 after page 4-4 in AFM

88-34.

17. Insert page 133 after page 1-2 in AFM 88-34.

18. Insert pages 134 through 136 after page 9-1 in AFM

88-34.

19. Insert page 137 after page 13-6 in AFM 88-34.

20. Insert pages 138 and 139 before page 13-1 in AFM

88-34.

21., Insert pages 140 through 142 after page 11-1 in AFM

88-34.
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Supplemental Expedient Methods

4.°

Figure 1. Expedient Shelter: Revetment Command Post

As Used in Sen Hoe, Vietnam

Submitted by MSgt Daniel Bermudez

Use 8 Republic Revement sections to form the command
post walls. Use 2"x4"s and plywood or just tree limbs tied
together with rope for the roof.

TIWS S RtOOF "'''

CONCRETE CAP

EA.7 PILL.TD ""
REPuSLIC 3-1 REvE.

Figure 2. Expedient Shelter: "Singapore" Shelter

As Used in Korea

Submitted by Capt James T. Ryburn
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Figure 3. Expedient Shelter: Making a Portable Building

As Used in Project "Bright Star"

Submitted by SSgt William J. Ferris

Step 1. Frame 2 pieces of plywood with.20x4" to make a 6'x6'
wallI. Make 2 of these.

Stop 2. Frame 2 more &'xb' walls. Allow -for joining 4 walls.
Step 3. Attach 2 hinges on each of the 4 sides on 2 walls,

and 2 hinges on the top & bottom of the other walls.
Step 4. Nail 2 pieces of 39x6' plywood to the 4"x4"% to make

a floor.
Step 5. Connect walls to each other and to the floor.
Step 6. Connect 2 pieces of 3'2"x6'2" plywood with hinges to

form a 6'4"x6'2N roof. Attach roof to top hinges.
Cut holes for windows and door. Make door from 4'x9'
plywood sheot.

Step 7. If used as a latrine, the back 2' of floor must be
removed and a bench seat can be installed.

NOTE: To disassemble, pull hinge pins, fold roof, and put
shelter sections on a pallet.

MATERIALSs 2 pieces of 312"x6'2"x3I4d plywood
10 pieces of 3'x6'x3/4" plywood

1 additional sheet of 3/411 plywood
10 - 2x4s, 6' long
26 - 4" hinges (butt)

:- 4x4s, 6'2n long
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I' FRAMES LAID PARALLEL OESCINWT L

3-TWO SECTIONS WITH PURLINS £j.THREE SECTIONS WITH PURLINS

F~igure 7. Stops in Assembling TEMPER Frames

Adapted from 44:25 L
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Figure S. TEMPER Endwall Fabric

Reprinted from 44:27

Figure 9. TEMPER Lacing Procedure

Reprinted from 44:27

Figure 10. TEMPER Lacing Tie 0++ Procedure

Reprinted from 44:28

66..



TABLE I

Parts Required to Assemble the TEMPERj

The TEMPER tent is erected in lengths of 8 ft. To erect a
two section tent of 16'x20' floor area, you would need the
following parts:

FRAME.- 3 Arches
3 Headers --

10 Purlins I
6 Eave Extenders
3 Ridge Extenders

COVERINGS: 2 Roof Sections
1 16' Fly
2 End Sections
2 End Section Liners
1 Endwall Plenum

COMPONENTS 26 Steel Pins
10 Wooden Stakes.

To add one section to a two .section tent:

FRAME: 1 Arch
1 Header
5 Purlins
2 Eave Entenders
1 Ridge Extender

COVERINGS: 1 Roof Section
1 8' Fly
1 Liner Section
1 16' Plenum

COMPONENTS: 6 Steel Pins
2 Wooden Buy Line Stakes

Adapted from 44:19



4m (13.1 ft)

FENCE AS HIGH
AS POSSIBLE

Figure 11. Fortifications: Fence Standoff

Reprinted from 18:3.12

• s. . "P AIR VENT

DITCH •"" '_

130ARO D

WALK

DRAINAGE...

CU"-AND-COVER SHELTER IN A HILLSIDE (BAFFLE WALL OF

ENTRANCE CAMOUFLAGE OMITTED) SHADED AREA AND
BROKEN LINES SHOW CUT-AND-FILL SECTION.

AIR VENT

BOARD ~ ~ --
WALK "" 'y •

DRAINAGE'-
DITCH so"s" BS,

CUT-AND-COVER SHELTER IN A CUT BANK SHOWING
SANO-BAGGED OUTER WALL. SHADED AREA AND
BROKEN LINES SHOW AREA OF CUT-A1NO-FILL.

Figure 12. Fortifications: Cut-and-cover Shelter

Reprinted from 18:3.12
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TABLE I I

Minimum Thickness of Protective Material
Required to Resist Penetration

No Standoff - Material in Inches

Soil Sand Clay Soil
Types of ammo cement C T A S

W D W D W D (BC)

.30 cal ball 36 24 36 24 44 30 18 9 60 2.6 1.3

.50 cal ball 54 36 45 30 80 54 18 9 120 4.4 2.2
57-mm recoil-
less rifle 18 12 18 12 36 24 20 10 20 9.0 5.0
82-mm recoil-
less rifle 40 27 41 27 80 54 42 22 48 21.0 12.5
90-mm recoil-
less rifle 60 40 63 42 120 80 66 33 75 32.2 19.5
107-mm recoil- ,.
less rifle 72 48 70 48 144 96 84 42 88 40.0 22.5
60-mm mortor 72 48 45 30 100 64 20 10 20 2.8 1.0
81-mm mortar 90 60 63 42 136 90 26 13 27 3.7 1.3
120-mm mortor 103 70 70 48 180 120 32 16 36 4.7 1.7

1/4" Steel or.1/20 Timber Standoff

.30 cal ball 18 12 18 12 22 15 9 6 30 1.3 0.6

.50 cal ball 27 18 26 15 40 27 9 6 60 2.2 1.1
57-me recoil-
less rifle 9 6 9 6 18 12 10 6 10 4.5 2.5
82-mm recoil-
less rifle 20 13 21 13 40 27 21 11 24 10.5 6.3
90-mm recoil-
less rifle 30 20 30 21 59 40 33 17 38 16.0 9.8
107-mm recoi l -
less rifle 36 24 35 24 71 48 42 21 44 20.0 11.3
60-mm mortor 36 24 22 15 50 32 10 5 10 1.4 0.5
81-mm mortor 45 30 31 21 66 45 13 7 14 1.9 0.6
120-mm mortor 52 35 35 24 90 60 16 8 18 2.4 0.8

"W" = wet
"D"I - dry
"BC" = bituminous concrete
"C" - concrete
"T'° - timber
"A" - aluminum
"S" = steel

Adapted from 19:110
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DIAGONAL 1BRACING
TABLE I II

2.4 Size of Roof Supports

Size of Miaximum span
timber when used to
(diam.) Support 18"

of earth

4 in. 4 it.

sp-A6O in. 7 ft.
FLOR JON706 in. 7 ft.

8 in. 19 ft.

9 in. 13ft.

Figure 1:3. Fortifications: Log Framed Adapted from 18:3.6
Shelter

Reprinted from 1823.6

GTYPICAL CONNECTION OF THREE SECTIONS

9
2 2.
9 to1 t - 2 n

4

RIGHT SIDE REAR0

$FRAMING DETAILS

Figure 14. Fortifications: Sectional Shelters

Reprinted +rom 18:Z.6
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TABLE IV

Bill of Materials for One 6'x8' Sectional Shelter With
Post, Cap and Stringer Construction - Dimensional Timber

Material size Quantities
No. Nomenclature Rough size Roof Front Right Left Rear

1 Cap or sill 6"xB"x8'" .. . 2 2 -

2 Post 6"x6"x5' 10' .. . 3 3 -

3 Stringer ** 6"x6"x6'" 16 . . . .
4 Spreader 3"x6"x5'0" - 2 - - 1
5 Post, door 3"x6"x66N - - I.. 1
6 Brace * 3"x6"x7"0" - - - - 1
7 Brace * 3"x6"x6'" 0 - - 1 2 -
8 Brace * 3"x6"x8'0" - 2 - - -

9 Spreader 2"x6"x33" 3 - - 3 - -

10 Spreader 2"x6"x2'9" - - - - 2
11 Spreader 2"x6"x2' 0- - - - 2
12 Scab 3"x6"x2'0" - - - - -

13 Siding 3"xRWx'0" - - - 41 1/3SF-
14 Siding 3"xRWx6'0" - 36SF - - -

15 Siding 3"xRWx4" 0- - 24SF - -

16 Siding 3"xRWx3'6" - - - 21SF

17 Roll roofing 100 sq ft roll 6 - - -. _

18 Driftpin 1/2"x14" 32 - 6 6 -

19 Nails 60d - 8 lb 8 lb 8 lb 8 lb

S Allowance for double out ends of braces is included in
overall length as shown under rough size.
*$ Laminated wood roof may be substituted if desired.

Adapted from 18:3.8

TABLE V

Comparison of Rectangular and Round Timber

Size or rectangular timber Size or round timber
required to equal (in inches) . -

6x 6 7
6xB 8
8x B 10
B3X 10 11

lOx 10 12
lOx 12 13
12x 12 14

Adapted from 18:3.8
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Figure 15. Fortifications: Underground Command Bunker

As Used During an AFLC Inspection

Submitted by ILt Jared Astin
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TABLE VI

FWAMaterial and Labor Requiremtents f or 300-Meter (994-foot)
Sections o4f Various Barbed Wire Entanglements

Pickens Barbed wire i .~g 1obofMe-o
- - . - - - Noe. of 400M. No. of materil aemae t rc

Type of entangslemen Extra 41.S kg mob I I cancer- Staples per Iia. mof per !in.. mno 30mf
long Long Medium Short Itinas' entanglement I entanglement' e ntangle-

Double-apron, 4- and 2-
pace.............0-------------- --- 0 ---- 200 14-15(19)-- -------- ------- 4.6(3.5) 0 10 7.7) 4 59

Double-apron, 6- and 3-
pace ------------------------- 66----------132 13-14(18)-- -------- ------- 3.6(2.6) 6 8 5.7) 4 49

High wire (loss guy
wires)--------------- ------- 198---------------..17-19(24) 6--------- ------ 5.3(4.0) 4 11.6( 8.8) a 719

Low wire, 4- and 2-pace -------- --------- 100 200 12(15) " .....----.. 3.6(2.8) 6 7.9( 6.1) ' 49.
4-strand fence ---------- --------- 100 ----- 2 5- 6( 7)'- ------- -------- 2.2(1.8)'4 4.8( 3.9) 1 20
Double expedient

concertina ----------- --------- 101 ----- 4 3 100 295 6.9 15.1 40
Triple expedient

concertina ------------- 51 101 ----- 7 4 148 295 10.4 22.8 99
Triple standard

concertina------------------- 160 ---- 4 3( 4) 59 1 317 7.9(5.4) 61 17.3(11.8)' 30

Lo~e number of Xelaapib when scew pickets amw used: high number when U-shaped pickets am used Add differeone betwom the two tothe higher no.-
ber when11 wood pickets r wd

I'Averag weght we any isue metal pickets are used.
'Man-hor amehee on the wse of WcNe pickets. With the exceptions of the talpi.-standard conertias. add 20 percent to the man-hour. when driven pickets

am used. With experienced troop. reduce man-hourn by one-third. Increae nm-hour. by 50 percent (or nightwork.
4 Based on concertinas being mae up in rent ame and ready for Issue. OMr expedient concertina open. to 13.7 ft length, an compared with 15 eter. for a

standard concertina; it requies 302 feet of standard herbed wire. aiem small quan"i of No. 16 smooth wire for tie.
t Number ot 954 ft. 14.5 kg barbed tape carrying coae required it herbed tape In used in piace of barhed wire.

*Ks of materiale required per linear meter of entanglement if barbed tape is used in piace of barhed wire and barhed tape concertina Is wed in pla~ce of stand-
oni ebe jecocria

- Reprinted from 19:6.10
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Reprinted from 19:124 Reprinted from 19:125
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BARBEDARBED WLRN

Go STRA4NSDAS

2 m(6.6 ft) 1.7 m (5.6 ft) 2m66tABARBED WIRE

7.5-1 cmn (3-4 in) DIA. 1.7 M (5.6 ft)

2 m (6.5 ft)- 1  
I

1.7m 5. ft---~4 STRANDS
PLAN OF SUPPORT SIDE ELEVATION BARBED WIRE

PYRAMID

Figure 18. Obstacles: Lapland Fence

Reprinted +ram 18:6.19
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NOTE: STUD SPACING AND SIZE
3m t (10 ft . - AVARIES WITH HEIGHT

5 cmx 10cmc 1 + 6,nAND MOISTURE CONTENT

(2 i x in H 2)OF SOIL

I1

SHEATHINGbIH LA
COVER

5 cm x10cm x(H +.6 M)
(2in x 4in x(H+ 2))

STUD (9 30 cm (12 in!,C/C -D cm x RW x RL(2 in x RW x RL)OR 4 '...

2.5 CM (1 in)HORIZONTAL

TIE CABLE SHEATHING (DOUBLE) --WATERPROOF

TIE CABLEH *

ATTACHMENT
15 cm (6Sin) SECTION RUBBER TIRE

ALTERNATE TIE .~*

CABLE ATTACHMENT.

NOTE: USE IGROUP OF 3 . .

TIE CABLES (9 60 cm c/c (24 in c/cl
EVERY OTHER STUD) OR AS REQUIRED

SECTION A-A

Figure 19. Hardening: Dimensional Timber
(Sail Bin) Revetment

Reprinted from 18:E.4
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~OSRETAINER-EVERY D't-32m*

FILL

£ CROSS TIED

PLAN VIEW
SIZE & SPACING OF POSTS
VARIES WITH HEIGHT

WATERPROOF COVER T

FILL k

eNOTCHED BOTH NORIZONAL a&j'~
CROSS LOS

SIDE VIEW (3CROSS RETAINER 5 TO 7.5 cm 1

15cm ,, 4C RL ALTER-
TIE CABLE 6'09(H#2) POST NATE LAR

1.25cm . C4 ., ". & SMALL
C 1 60cmENDS

BUTT ENDS

*~a~' :Nf" 2'MIN Sm

ANCHOR CABLE ATTACHMENT SECTION A-A

Figure 20. Hardunings Log Bulkhead (Soil Din) Revetamt,

Reprinted from lsuE.5
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TUOS

STUDS

- 75 an (30 int

________LANDING MAT
- - - -PANELS

80 anc (24in

fli VERTICAL.
H 9' an 3 rl* SEEL~t O TICAIL /" SUPPORT

r m(3nI 0 STEE PIP opt

QUIREO ATTACH CABLE AT
EVERY OTHER STUD
OR AS NECESSARY

,~ ~.VVTIE CABLE ATTACHMENT

'V0 6 c (24 in)

SECTION A-A

Figure 21. Hardening: Landing Mat Bulkhead
(Soil Sin) Revetment

Reprinted +rom 18:E.6
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Figure 22. Hardenings Gravity Revatment

Reprinted from le8E.9
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SECTION A-A
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Figure 23. Hardening: Earth Revetment

Reprinted from 18:E.9
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TABLE VII

Hot Asphalt Mix&% for Revatment Construction

Pmea reent poasng indteited inoe~ gaws
Seve sis

iti34 3 4 19 : 0 40 20 00

A. 3,1Z 1-COe NMj-b:
3 4-I.? .................... 22.2 22.2 21.8 1.5 0.0................................................. 5
12-3 8...................22. 22.2 22.2 21.8 4.9 0.0.....................................
3 8-4...................... 22.2 22.2 22.2 22.2 222.0 2.0 69.0 .............................
LSD....................... 33.4 33.4 33.4 33 4 33.4 334A 33.4 33.3 33,0 31.6 25 3
Blend...................... 100 0 100.0 99.6 7 8. 9 60.3 35.4 33. 4 33.3 33.0 31.6 25 8

B. Mix 2-Sand Milk:
Sand....................... 86.0 86 0 86.0 86.0 86.0 86,0 85.1 83.0 66.2 10 3 4
LSD....................... 14 0 14.0 14.0 14.0 14.0 14.0 14.0 14,0 13 8 13.2 10 1
Blend...................... 100.0 100.0 100.0 100.0 100.0 100.0 99 1 97 0 80.0 24.0 15

C. Mix 3-GUlA Well Graded Illzb:
3 4-1, 2.................... 11.6 11.6 11.4 0.8 0.0 ............................................
1 1-3 8.................... 7.3 7.3 7.3 74.2 1.6 0.1.....................................
3.8-4 ...................... 15 9 15.9 15.9 15.9 15.8 1.4.....................................
4-10 ....................... 5 16A8s 16.8 16.3 16.8 16.7 1.6 0.3 0 2 0.2 02
10-20...................... 12.5 12.5 12.5 12.5 12.5 12.5 12.5 1.3 0 1 0.0 .....
20-40 ...................... 10.5 10.5 10.5 10.5 10 5 10.5 10.5 3.7 1.1 0 1 1
40-30 ...................... 8.2 8 .2 3.2 8.2 8.2 8.2 8 2 8.2 S.2 1 4
TVS......................--14.6 14.6 14.6 14.6 14.6 14.6 14.6 14 4 13 S to L 9
LS D.......................-2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2 5 2 1
Wend.....................--100.0 100.0 99.2 39 1 82.6 66.5 50 3 6 0 26 0 14 9 4 i

:ze 1. 1, : nd i re :i ,hes; al others are standard moeve sizes. SD and TVS Am r- . c.one dust and T~np Vil.. a~nd."fxI -nturnd Aisuarna lir...wn. A"-a?..t and 7.5 p~re..nt ash .nd,.r: %'4at2 -i'ftinlld t(a ak' iia-u .anl .- 1 7.1 ..r-.t.a.ta.-.~,1' '
SAlsans ht, sts med Tunceiisss ' Ady sand And 5.3 pL-reat .ai~st tbuadarr. The binuka-r u i n .All5 fit- g rviix Ai i ai .tu 2C m-k at aan.i.t

Reprinted from 18:E.16
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TABLE VIII

Field Expedient Mixes for Revetnrt Construction

Mix elainBo"Atm

I-A, rapid-cure asphalt mix 8.5 percent asphalt tpercentage o4 total Same as hot Mix 1: Limestone dust filler, 33.4 percent.
aggregate weight); RC-2 rapid cure Alabama limestone, 66.6 percent.
(70 percent asphalt content); binder
mixed cold.G,4uu fAowLio*

Stem zSu Pueeidsin

3A4 inch to0
1/2 inch 66
3/8 inch 33
No. 4 0

I-B, hot-cold mix 7.5 percent 85-100 penetration asphalt,. Same as hot Mix 1: Total aggregate soaked with 2.2 per-
binder mixed hot. cent (poeitage of total aggregate weight) diesel fuel

prior to mixing with binder.

I-C, Peneprime mix 6.5 percent Peneprime (60 percent as- Same as- hot Ilix 1
phalt content); binder mixed cold

No. 4, commercial hot-cold 6 percent AC-S cutback asphalt, binder 10 percent fine river sand; 30 percent concrete sand; 60 -

mix. mixed hot. percent No. 87 Birmingham slag.

Gradation Of N. 87 Birsinghan Slag
Vfor fn Pen PuWART

112 inch 100
3, 8 inch 99
No. 4 90
No. 10 48
No. 40 .24-

No. 100 8
No. 200 2

Aggregate sprayed with kerosene, then mixea with hut
asphalt.

Reprinted from 18:E.17

TABLE IX

Concrete Mixes
%Ili 31 tandard 3.004-imi mix; M.ix 6 ,and 5yout mix,

W Le!' ratio 'weight uf meater weigcht of cement) 0.78-------------------------------- -.

Donsity, pi'f-------------------------------------------------------- -------- 140.4

23-ilay unconflfiedl compresive strength, psi .... 2,540 --------------------------------- 2,1o

Aggregate-----------------------------42 2 percent limestnne iand .56.3 Peeilt 10pm-'.Cks aUln
coarre Alabama irnestone.,

L'n-,onc. c'miar-4 -Iitl $itf;n hY -.tent, is 6oi6-q: a. to ,~ .-ie.:-t ' nehl ind -nch to. ,w.Lz,.

R~eprinted from 18:E.17
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CRoo$ SECTION

A. STANDARD CORDUROY

r TOC LOG
PICKIT

IL CORDUROY WITHl STR:NGER: _____

______________HEAVY SMOOTH V~R
cHICKV4 win MIME

%-r To Iv SLEcPt"S ON w, cEtTENS

LENGTH DEPINOIS On GROUNO =MNaly" .

CllOSS SECTION__ _ _ _ _ _ _ _ _

C. HEAVY CORDUROY -4NISHEDftMAT SIZE 6 1 2' 3*f I 2'01 t AA~i..

Figure 30. Non-airfield Figure Z1. Non-airfield
Pavements: Corduroy Roads Pavements: Chespaling Road

Reprinted from 15:252 Reprinted +rom 15:250
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Vehicular Transportation in Sandy Areas. Additional

expedients for driving over sandy areas are given below

E43s7. 19, 7.203:

1. Use lighter traffic loads and reduce tire
pressures. A general rule of thumb is to lower
tire pressure so that tire deflection is increased

by 50 percent.

2. Sand stabilization using portland cement
is a well-established method for constructing
pavement base layers.

3. Mix available local ground or soils with
the sand to inprove trafficability.

4. If a firmer material lies ar shallow
depths, keep blading loose sands off the roadway.

5. Place building rubble in the ruts.

6. Use crude oil, if available, for

stabilizing the sand.



I

Airfield Pavement Repair. The following procedures

should be followed when using polymer-concrete (PC) for

repairing spalls on airfield pavements (26:180):

1. Spall Repairs: The In-line Mixing System

a. Remove any standing water that may be present.

b. Place 50:50, sand-gravel mixture in the repair until
it is level with the pavement surface.

c. Push an in-line mixing gun into the surface and fill
the spall with the polymer mixture.

d. Add sand and polymethyl methacrylate (PMMA) to the
surface and strike off until it is level with the
pavement surface.

2. Spall Repairs: The Modified Concrete Method

IL
a. Remove any standing water that may be present.

b. Fill the spall with PC; some vibration or rodding may
be necessary to completely fill the voids.

c. Strike off level with the pavement surface.

Airfield Lighting. Some airfield lighting expedients are

given below (12:88): -

1. Use bean bag lights.

2. Use kerosene smudge pots.

3. Light fixtures can be mounted on stakes placed at

the shoulders of the runway surface. '

4. Single conductor airfield lighting cable can be run

along the ground and used to connect the isolaticn

transformers in series with the C-3 regulator.

5. The MB-17 or EMU-15 generators can be used to power . -

the C--.

89
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Electrical Power Safety Measures. The following electrical

power safety measures should be followed during

contingencies:

1. The generator should be thoroughly inspected prior

to installation. The power production personnel should

"look for broken or loose electrical and hose connections,

loose bolts and cap screws, and see that the ground plate is

properly grounded E3:103."

2. Once the generator is installed, the wiring diagrams

should be checked to make sure all connections are correct

(3: 10).

3. The load cable should also be checked to make sure

it is sized properly, since an undersized cable is a fire

hazard (3:10,11).

4. The generator ground should be carefully inspected

because expedience has shown "that by far the most prevalent

fault to which generators are subjected is a short-circuit

to ground E29:44903."

5. For additional power, generators can be set in

parallel. However, it is not recommended to parallel

generators of 100KW or less unless absolutely necessary,

since they are not designed for parallel operation. It is

sager to use a single smaller unit for each facility

(3: 12, 13).

" ~102 ""
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Derating Generators. Generators are rated under the

standard conditions of zero to 2,000 feet above sea level

and an 80 degrees Fahrenheit (F) ambient temperature.

Generators must be derated when used in areas that vary from

these standard conditions. The following guidelines should
p

be followed when derating generators (32):

Gas-turbine Generators: Derated 5-1/2% for every 10
degrees F above 80 degrees F,
and 4-1/2% for every 1,000 ft
above 2,000 feet. m

Diesel & Gasoline Generators: Derated 1% every 10 degrees F
above 80 degrees F, and 2 to
3% for every 1,000 feet above
2,000 feet.

Dormant Generators. Generators perform more efficiently

when allowed to operate over long periods of time (6:22,23).

Therefore, standby generators, if left dormant for any

length of time, may not start properly when power is

interrupted. Power production personnel must exercise the

standby generators once a month to ensure that the

generators will perform when needed. L

Generators in Hot Climates. When installing generators

in tropical climates, the following precausions should be

made (3:14,15):

1. The cooling systems must be cleaned and
flushed at regular intervals and the coolant level . :
checked frequently.

2. Soft water and rust inhibitors can be used
in the radiator to prevent rust and scale.

3. The radiator fan motor should be checked
frequently, as should the thermostats.

Generators in Cold Climates. When installing generators

103
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in extremely low temperatures, difficulties may arise in

a lubrication, electrical stability, and overall maintenance.

To reduce these problems, the following precautions can be

used (3:13,14):

1. Remove the moisture from the equipment
that may cause condensation, since moisture may
corrode or damage the equipment when it is
energized.

2. Check the specific gravity of the storage
batteries so they will not freeze.

3. Apply cold weather lubricants or graphite
to rotating points (winterizing kits may or may
not be available).

4. When the generators are shut down for any

length of time in subzero temperatures (degrees
F), drain the hot engine and fill the crankcase to
the low livel with SAE 1Ow oil. Run the engine
without any electrical load. When the engine is
warmed up, put regular oil back in.

5. Prevent water from entering the fuel
-lines, since it will turn to ice and clog the
lines. This can be prevented by keeping the fuel
tank full. Also, flush the cooling system and
check all hoses, lines and fittings regularly for
tightness and serviceability.

6. Since wires become brittle in extreme
cold, touch them as little as plssible. When
installing new wire, warm it up before bending or
twisting it.

104
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ROP"E -S1A?. PUIjt.y

Figure 32. Electrical Power: Quick Start Method

for MEP-6 Portable Generators

As Used at Homestead AFB

Submitted by TSgt Dennis L. Becchelli

1. Using arop., start one MEP-16 generator to give a

120 volt source o-F AC power.

2. Obtain a 1/2" portable electrical drill, a 1/2"1

drive - 1/2" socket, and a 5" long -1/2" drive extension

from the mobility team kit.

3. Place the socket on the rope pulley bolt head of the

second MEP-16 to be started.

4. Start the second MEP-16 with the drill. CAUTION:

Due to the high torque of the drill, a firm grip is required

to prevent injury and/or damage to the bolt head. The

second generator should start within one minute after

starting the drill.
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Guidelines for Expedient Electrical Distribution Lines.
The following guidelines should be followed when providing
electrical power distribution lines in contingencies:

1. Areas with a high ambient temperature have
reduced current carrying ability because the heat
buildup in the wires cannot effectively dissipate
into the surrounding atmosphere. Therefore,
cables must be derated at temperatures greater
than 86 degrees F (1:5.4).

2. Cables should be protected from direct
sunlight by burying the primary distribution lines
at least 18 inches and secondary lines at le.nt 8
inches, limiting loads during the hottest part of
the day, using high temperature rated insulation,
and not using cables above their rated current
(1:5.4; 34:4.5).

3. Low voltage distribution cables, wired
directly into the generator's output terminals,
can be run short distances on top of the ground to
provide the necessary power. When distribution
transformers become available, the system can be
made more efficient by converting to high voltage
E12:833.

4. Distribution cables can be placed in
trenches carrying water and sanitary pipelines to
save time and energy (1: 5.4).

5. Electrical devices should be covered with
weatherproof enclosures whenever possible to
provide more environmental protection (1:5.5).

6. Transformers can be protected in desert
climates by using extra creep bushings and by
cleaning oil and other contamination from the
bushings (34:4.11).

7. Electrical grounding is critical for
systems of 25 ohms or less for generators, CCCs,
transformers, and shelters (1:5.5). Therefore, all
personnel concerned with power distribution must
be aware of the potential problems of grounding in
areas of poor soil conductivity and be careful
around electrical systems (34:4.13).

8. In an emergency installation, time is the
important factor. It may be necessary to use
trees, pilings, four-by-fours or other temporary
line supports to complete the installation [3:113.

106
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TABLE XII

American/German Wire Gage Size Conversions
for Insulated Wire at 25 Degrees C Ambient

American Conductor Next Up to Three Multi- Separate
Wire Area Standard Conductors Conductor Conductor
Gage German in Conduit --_

(AWG) Size - I
Size Amp- Fuse Amp- Fuse Amp- Fuse

acity Size acity Size acity Size

Sq. mm Sq. mm A A A A A A

18 0.82 1. 12 10 16 16 20 20
16 1.13 1.5 16 16 20 20 25 25
14 2.08 2.5 21 20 27 25 34 36
12 3.31 4. 27 25 36 26 45 50
10 5.26 6. 36 36 47 50 57 63
8 8.37 10. 48 50 65 63 78 8o
6 13.30 16. 65 63 87 80 104 i 100
4 21.15 25. 88 80 115 100 137 125
2 33.62 35. 110 100 143 125 168 i 160
0 53.52 50. 140 125 178 160 210 200
00 67.43 i 70. 170 160 220 224 260 250

000 85.01 I 96. 210 200 265 250 310 300
0000 170.21 J120. 260 250 310 300 365 355

Adapted from 9:1112
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TABLE XIII

Wire Ampacity: Load Capacity of Insulated Conductors

Nominal Permitted permanent load capacity in A
cross-section

Group 1 Group 2 Group 3
(square mm) Cu Al Cu Al Cu Al

0.75 - - 13 - 16 -

1 12 - 16 - 20 -

1.5 16 - 20 - 25 -

2.5 21 16 27 21 34 27
4 27 21 36 29 45 35
6 35 27 47 37 57 45
10 46 38 65 51 78 61
16 65 51 87 68 104 82
25 88 69 115 90 137 107
35 110 86 143 112 168 132
50 140 110 178 140 210 165
70 175 - 220 173 260 205
95 210 - 265 210 310 245
120 250 - 310 245 365 285
150 - - 355 280 415 330
185 - - 405 320 475 375
240 480 380 560 440

Group classification:
Group 1: One or more single-core conductors laid in a

conduit (e.g., NYA)
Group 2: Multiple-core conductors, ( e.g., sheathed

conductors, conduit wires, lead sheath conduc-
tors, flat conductors, movable conductors)

Group 3: Single-core conductors with spacing of at least
their own diameter, laid in free air, also
single-conductor wiring in switch and distribu-
tion equipment, and bus bar distributions.

The values apply to an ambient temperature of 25 degrees
C. Permissible loadings for temperatures between 25 and
55 degrees C are given below:

Ambient temperature up to Degrees C 30 35 40 45 50 55

Permissible loading:
with rubber insulation % 92 85 75 65 53 38
with plastic insulation % 94 88 82 75 67 58

Adapted from 9:2113
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TABLE XIV

Fuse or Circuit Breaker Protection

Nominal copper Nominal rating of overload protection
conductor device

Group I Group 2 Group :3 -

(square mm) (A) (A) (A)

0.75 - 10 l6
1 11 20
1.5 16 20 25
2.5 20 25 35
4 25 35 50
6 35 50 63

10 50 63 80
16 63 80 100
25 80 100 125
35 100 125 160
50 125 160 200
70 160 224 250
95 200 250 300
120 250 300 355
150 - 355 425
185 - 355 425
240 425 500 .

For ambient temperatures above 25 degrees C, the nominal
rating of the protective device must be reduced by the
percentage given Table XII; the next lower nominal
current rating to that of the overload device should be
used.

S . 4

Adapted from 9:2113

109
- - . .o .... -°



TABLE XV

Power Cable Loading for Air-suspended Cables at 30 Degrees C

Three-core Three-core cable Single-core cables,
cable w with single-core laid up together

sheaths

Nom- PROTODUR PROTOTHEN
inal cable Y cable X cable Y cable
cross
sec+ion © M

0.6/1 3.5/16 5.8/10 5.8110 to 17.3/30 5.8/10
kV kV kV kV kV

Current rating in A

sq. mm Cu Al Cu Al Cu Al Cu Al Cu Al Cu Al

1.5 18 - - - - - - - - - - -

2.5 25 - - - - - - - - - - -
4 34 26 - - - - - - - - - -
6 43 34 - - - - - - - - - -
10 60 46 - - - - - - - - - -

16 80 62 - - - - - - - - - -
25 106 83 105 82 115 88 135 - 165 - - -
35 132 102 130 100 135 105 165 125 200 155 145 110
50 160 124 155 120 165 125 195 150 240 185 170 130
70 202 158 195 155 205 160 245 190 295 230 210 165
95 244 191 240 185 250 190 295 230 360 280 260 200
120 283 221 275 215 285 220 340 265 410 320 295 230
150 325 253 315 245 320 250 385 300 465 365 340 260
185 372 289 360 285 365 285 440 340 530 415 385 300
240 437 340 430 335 430 335 520 405 630 495 455 355
300 500 391 490 385 1490 385 590 465 710 560 - -

Adapted from 9:2114
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TABLE XVI 0

Reduction Factors f or Air-suspended Cables

Deviating Ambient Temperatures: 0

Ambient temperature degree C 25 30 35 40 45 50

PROTODUR cable up to 5.8/10kV 1.06 1.0 .94 .87 .79 .71
PROTOTHEN Y cable up to 17.3/30kV 1.08 1.0 .94 .87 .79 .71
PROTOTHEN X cable up to 17.3/30kV 1.04 1.0 .96 .91 .87 .82

Bunching:

Number or 3-core cables per trench 1 2 3 6 9

Laid side by sidet.
touching 0.95 0.84 0.80 0.75 0.73
spacing (1 to 2 cable diameters) 0.95 0.90 0.88 0.65 0.84

Laid one above the othdr:
touching 0.95 0.78 0.73 0.68 0.66-
spacing (1 cable diameter) 1.00 Q.93 0.90 0.87 0.86

Adapted from 9:2114
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General guidelines for using 60 HZ electrical equipment

on 50 HZ power sources are given below:

Resistive Loads. Incandescent lighting,
electric ranges, ovens, and other equipment which
convert electric energy directly to heat energy
perform equally well on either 50 HZ or 60 HZ
source frequency... EHowever3, lamps will not
burn as brightly, ovens will not be as hot, etc
r9:21093.

Static Induction Devices. Distribution
transformers, electric discherge lighting
ballasts, series lighting current regulators, and
other static inductive equipment induce magnetic
energy fields in iron as part of normal
operation... [The magnetic flux density] is
directly proportional to the volts/hertz ratio of
the power source... If equipment designed for 60
HZ operation is to be connected to a 50 HZ power
source, the voltage must be reduced
proportionately to maintain the volts/hertz ratio
at the design point r9:21093.

Induction Motors. Induction motors rated for
60 HZ operation will run at about 5/6 of. rated
speed when connected to a 50 HZ source... Motor
current varies inversely with both source
frequency and voltage. As the 50 HZ source
voltage is reduced, motor current heating the
windings increases while iron loss heating
decreases. No amount of voltage reduction can
compensate for both heating effects
simultaneously. However, induction motors rated
Eat] 120V, 60HZ will operate successfully at about
11OV, 50 HZ if the speed reduction can be
toperated E9:21103.

113
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Remedies to three major electrical problems are given

below E9:21103:

A. INCREASED MOTOR HEATING DUE TO SATURATION OF IRON

REMEDY: Motor geometry establishes a design volts/hertz
ratio. If the motor is to be operated at less than design
frequency then the voltage must be reduced proportionately
(5/6) to maintain the volts/hertz ratio at or below the
design limit.

B. REDUCED MOTOR SHAFT SPEED

REMEDY: Shaft speed is a function of source frequency and -"

motor configuration. The coupling to the driven load often
involves belts, pulleys, chains, or gears. A change in drive
ratios could correct the speed. However, many loads operate
adequately at 5/6 of design speed.

C. INCREASED HEAT BUILD-UP DUE TO REDUCED INTERNAL AIR-FLOW

REMEDY: Motor heating is attributed to several factors:
Iron losses, frictional losses, and copper losses. In 50 HZ
design voltage, iron losses will remain about equal.
Frictional losses will be slightly reduced due to decreased
shaft speed. Copper losses vary roughly as the square of the
load torque. Hence the 50-HZ HP rating of the motor is
limited to about 5/6 of the 60-HZ HP rating. Otherwise, heat
build-up would accelerate aging of motor insulation and
possibly cause burnout. .

114
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An expedient method of installing temporary tent

lighting and electrical outlets was developed during a
0

training exercise at Holloman AFB NM and submitted by TSgt

Mark Gunter. This method is presented below:

1. Use a pre-wired, wall mount, power outlet connected

to the generator units.

2. Connect the pre-wired 50 ft or 100 ft

interconnecting cable sets to energize the portable power

boxes.

3. These power boxes provide power for the pre-wired,

interconnecting stringer light cables.

4. Each spider box contains enough outlets to supply

each tent with at least two power receptacles.

5. All equipment is assembled by using the twist type

plugs on the cables.

6. All cables, boxes, light systems, etc. can be

stored in a large wooden container and labled "For Prime

BEEF Only." .

115
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ZE 5- METHOD

VOUS8O TIHROW

GEN. ANTEMANCE
IUriTHoci PoWgE&
OUTAGE

ALTBRMATE MeTw400 - attLy IF C3 Is NoT AVAILA&CE

~~ AL.L L.oA~s CONAI8C1EL)
GEN LRECTLYI TO 6EMEXAOK.

Figure 33. Electrical Distribution: Power Panels

As Used in Egypt to Connect Power to Tents, Lights, & Pump%

Submitted by CPISgt Jimmy Chestnutt
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The following expedient methods can be used to

determine the required wire size for a specific load when no

other method is available (15:351):

1. Convert electrical load into amperes by using one of the
following equations:

a. Amperes m Total watts to be serviced / voltage

b. Amperes - Voltage I resistance (ohms)

c. Amperes = 745.7 x Horsepower / voltage

P
ml 2. Using the calculated amperage and length of wire required,

use Table XVII or XVIII to determine the wire size needed.

TABLE XVIII TABLE XIX

Wire Sizes for 110-Volt Single Wire Sizes for 220-Volt Three
Phase Circuits Phase Circuits
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Figure 34. Water Storages Rubber Tank With Protective Tarp

As Used in Vietnam 1966-1967

Submitted by MSgt James D. Carroll

V.

Figure 3M. Water Storages Tarp Lining in Aluminum/Wood Frame

As Used in Vietnam, 1966-1967

Submitted by MSgt James D. Carroll
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NOTE- COVER WATER STORAGE AREA WIT14
MEMBRANE TO PREVENT CONTAMINATION. CRE RC

L

I. I.
1

3500 GAL CAPACITY

Figure 36. Water Storage: Wood Framed Container

L Reprinted from 43:5.44
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FLEXIBLE CCNNECTOR
I iPUMP PLATFORM (C34AIN, CABLE, OR ROPE)

I Z~~ANO E OF RESPONSE

SECTION A-A

---------------------------------- ---------------~.....

rW 14x4FLOATING

CO --UP--R- MEMBRANE COVER

..... 0o 4z1 2" x4 SPREADER

LI .-. ~MEMBRANE/

I \-FOLD IN MEMBRANE

OR TARPAULIN

PLAN

Figure 37. Water Storage: Basin Container

Reprinted from 43:5.45
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BURLAP (SAND SAG)

55 GAL DRUM WrrTH TOP
AND BOTTOM* REMOVED

,. -WATERTIGHT WELD
ALL AROUND

-55 GAL DRUM WITH
TOP REMOVED

.16 OFSAND

IvM OF GRAVEL

314 * PIPE W/VALVE
WELDED TO DRUM tPLO AKWT

Figure 38. Water Purification: San~d Filter

Reprinted fromn 43:5.31
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Water Distribution. The expansion and contraction of

pipes in hot climates causes leaks. This problem can be

reduced by the following methods (34:5.15):

1. Painting pipelines a light color reflects heat and

provides better camouflage in some areas.

2. Storing pipes in shady areas and burying

distribution lines prevents degradation of plastic pipes.

3. Full-time maintenance crews or burying pipelines at

least 18 inches also reduces leaks in hot areas.
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FIELD EXPEDIENT VATER DISTRIBUTOR

5JrTULE YwLR ThNK

L M~W SPLA~ L 04 KMSUH rni ISIC U= o
ovm-P m "m On OF 1w OGMPOUT

U! WPNM.WY I 111c (SEE OThiLI I .EA

I. WIW4 PL.AN" PLAY WffH wWaj To 4AW Pon~
PU.D AOAN!IENT OF htdGLE. Imst

BRACESL~

2aNSTAU.~~~A&JSAB STEEL[CPCAPU C 0H .O

WATER TO CASCADE FROM TRAIUNG WE.
OF SPPAYGAR TO PERMIT CLLANIN(I. PLT

4, 0 \4PPE ava^ i
MC.LS '0.C.

Figure 39. Water Distributions Vehicular Transport

Reprinted from 43.5.3Z~

125



Chemw" 41

emu~~ 45Pmk

Figure 40. Water Distribution: Quick Crash Truck

As Used in Bien Hoa AB, Vietnam 1964-1963

Submitted by Fire Chie-f A. W. Baumgardner
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SHOERSAP

TO WAT59

was&~ S76AAGE

Figure 41. Sanitation: Shower Unit

As Used in Cairo West, Egypt 1980

Submitted by SSgt Tod C. Peabody

127



Hot Shower Unit. A temporary hot shower unit was used

during the "Jack Frost Exercise" in Alaska in January 1979.

Temperatures averaged 45 degrees F during this exercise.

This expedient hot shower, submitted by C1tSgt Donald L.

Neels, can be constructed by following the guidelines given

below.

1. Construct a plywood shower box with a
4'x81 base, 8*x8' back wall, 4'x8" end walls, and
a 2'-high x 8'-long front wall. This box is used
only to collect water to prevent flooding the tent
floor area. This box can be drained by bucket
from a hose attached to the base of one end wall.
Also, construct a duct board resting on 4"x4"
boards so occupants will not stand in water.

2. Install two 2x4s with 16 penny nails
driven approximately 1 ft apart to hang clothes.
These 2x4s can be tied with rope to vertical tent
poles.

3. Drill a 1-1/4" hole through each end wall,
centered and approximately 8" down. Connect 3
sections of 3-ft long, 3/4" galvanized pipe as
follows: (1) At the end of one section, install a
3/4"x3/4"xl/2" tee; (2) inslall a second section
of 3/4" pipe and install a second 3/4"x3/4"xl/2"
tee; (3) install the third section of pipe and
in'stall a 3/4" cap on the end of this section; (4)
on the branch side of the two tees, install a
1/2"x2" nipple, 1/2" valve, 1/2"x2" nipple and
showerhead; (5) place this completed shower
ficture into one hole of the shower end wall and
pull it back into the other end hole until the
unit is self hang ng; and (6) connect one end of a
garden hose onto the exposed threading of the pipe
and the other end of the hose to a submergible
pump.

4. Fill a 32-gallon water can with water.

5. Insert a field unit immersion heater.

6. Insert a low pressure submergible pump
with a garden hose attached.

7. Heat the water to the desired temperature
of approximately 130 degrees F. The operator can
monitor the water temperature with a refrigerator
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type thermometer and probe, and controil the
temperature by adjusting the fuel to the heater.

8. When the desired water temperature is
reached, the operator can connect the plug from
the water pump to the power source and add water
to the storage can to control any overheat
condition.

9. Two men can shower at a time to conserve
water. Approximately 2 gallons per man is 0
sufficient. Showering the Navy style (i.e.,
wetdown, shut off water, soap, scrub, and then
rinse) is suggested to conserve water.
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$6GAL,. DRU)M
I'ITbf WATER

COPPEA COILS

Figure 42. Sanitation: Hot Water Heater

As Used in Bay Scouts

Submitted by AIC Keith Runquist

Attach both ends of some copper tubing to a 55-gallon drum.
Fill the drum up with water. Make some coils in the tubing
and place the coils over a fire. The fire heats the water in
the coils and in the drum.
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PVC PIPE UAINALS. PLYWOOO0 SEATS

SURLAP WALLS
-STA PLED 1M POSTS

di xqx8"H'G'WPOST

Figure 43. Sanitation: Outdoor Latrine

A% Used in Oman, 1982

Submitted by Capt James C. Konyha

Use a few posts and burlap to form the walls in a maze
effect. The top is left open.
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Figure 44. Sanitation: Straddle Pit Latrine

As Used at Eglin, Tyndall, and Bergstrom AFBs

Submitted by TSgt James 6. Caraway

1. Use a backhoe to dig a 20'Lxi6'Wx3'D hole.
2Lay six 2x8"x20' planks across the width of the
hole to form three walks as shown in the figure.

I3. Two feet at each end of the planking should lay
firmly on the ground for stability.
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TABLE XXII S

Typical Fuel Tank Layout
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PulL ILer LINE 4-UJLJ CAP
FEL. m ?bK ioAlaiJ* .

(.T QAL MtEUM) II X M AUST
FUEL TA1C MUST Be NFI XrlD 3' 5v
A1r LEAST 3' AtovpB STW-UC1I*45

OUI3loe ale sr5LtcI * STAC4~

55GAL R~UN

COCBU5TIOJ COIA4Etl -1'5Q. POOR

GLM VL--OPItJ
(POm. THff.0Tulic FUEL)

GZ.XIE W/ PUiP FAN

Figure 45. Heating: Semi-permanent Heating Unit

As Used in Vietnam, 1969

Submitted by MSgt Donald Tuttle
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OLD CN

5S SAL L.&p
SAND BOX

Figure 46. Heating: Tent Heater

Submitted by SSgt Lawrence W.. Hopkins

1 . Construct a sand box.
2. Place a 53-gallon steel drum in the sand box.
3. Cut a hole in a 55-gallon drum in the top and in the side.
4. Remove both ends from old coffee cans or fruit cans.
5. Stack these cans to form a smok& stack and place into the

hole on the top of the drum.
6. Place wood in the hole an the side of the drum for fuel.

- - -- - - - . .
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* AS8ESTO.S/PERJ1ATEX

PL LGC COOED IN

Figure 47. Heating: Expedient Repair oi Turbine Block

As Used on a Ship's Engine Room, 1954-

Submitted by Mr. Troy W. Franklin

L. Saw into the housing where the steam cut is located.
2. Mix powdered asbestos and permatex and pack into the cut.
3. Reinstall the nozzle block and cook the mixture with the

steamu.
4. Test before using.
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-q4~i STOGK

KNUPILED TYPE PP

S&.,3TTZD TYPE

Figure 48. Tools: Improvised Spud Wrench

As Used in Phu-Cat, Vietnam 1967

Submitted by IlSgt Richard L. Meade

Wrench can be made of appropriate sized steel pipe/conduit.
1-1/4" pipe is fairly standard for commodes and maintenance
service sinks. The 1/811 plate is required so the wrench will
remove slotted spuds. It will also remove spuds with knurls
and P/O plugs with cross pieces.
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Figure 49. Toolss Portable Stove

Submitted by Mr. Richard Wilson

To make a portable stove to heat C Rations, use a dedium
size cracker can. Cut slits around the top and bottom of the
can on the outside. Push in the sides of the can so air will
circulate from the bottom to the top. Place a heating tab or
small ball of C-4 in the middle of the can and light it.
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C11 M. 14SAL)

RADIO/

Figure 50. Tools Long Range Radio/TV Antenna

As Used in Oklahoma -

Submitted by iLt Jon L. Muh~ller

1. All four wires to be same length (about 3 to 4 feet long).
2. Insulation need not be removed.
3. Can be tied to a tree or any other support.
4. Turn for directional capability.
5. Triples the range of reception.

13S9
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TABLE TOP
STEP 2r 8

SEAT -2 }STEP~ 7

_____SEAT_____ -}ISTEP -6

STEP* 3

~STEP* 2

QUICK PIC. TABLE

FOLLOW THwE STEPS AS SHOWN OR I SHEET OF
43a63 J. WILL NOT BE ENOUJGH

*4

Figure 51. Furniture: Table and Benches

As Used in Mtn Horne AFB ID

Submitted by 2Lt Bruce L. Steely
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Figure. 51. -continued
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~'PL.YWOOD SIZZ AS RI.UIASP

Figure 52. Furniture: Folding Table

As Used During "Team Spirit" in Osan AFEP Korea 1962

Submitted by Capt Mellersii
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